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President's Message 



Dear Prospective Customers, ' ^" ' 



In our 1998 Data Book, one can see that our product families have grown quickly in the last 
year. Our programmable analog technology has evolved into the optimum sobttion ford^s^F- 
ing cost-effective analog functions to a variety of applications. 

The Reset controller and Microcontroller Supervisor product line offers the best solutions 
available to control the system reset sipials based upon the status of the system power supplies, 
aditohmd^^tem peAsi^ external reset eoruUtiom and system ^erational integrity 

Hot Swap controllers have been developed to support the rapidly growing requirement for 
"high-availability" systems in the Telecommunications and Data Communications markets. 

The growing DACPOT™ Product family provides a cost effective solution to the 
rt^a&mtent of potetoi^im^m m # mriety of control, consumer and communications 
tfpUeations. 

New product families in development include Analog Monitor devices, higher resolution 
DACPOTs, Sensor Linearizers, and battery management devices. New product information is 
placed on ^ $mmmk Wii^ m k pontes available. 

As Smmntt Mierodeetromet has matured, we have implemented many programs to 

support our customer's business requirements. Summit is Y2K mn^fy^ and h expecting to be 
ISO 9000 certified in the third calendar quarter of 1998. 

Summit's focus is to solve our customers applications problems with integrated solutions. 

*^ derive 

cost-effective smndard product. 

Our goal is to provide to our customers unparalleled support in product development, 
innovation, quality, reliability, pricing and commercial issues. It is through this close interac- 
tion with our customm ^m m Mt Me » mmt mr muttud success. Wie are always available 
for your comments and questions and eneourc^yemF^MttdcWtwemidMee Us solve your 
analog applications problem. 



Mneerefy yours, 



Rick Orlando 



President and Applications Engineer 
EMAIL: Btiriando@summitmicro.com 
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DATA BOOK NOTES 

Dtia ^leMRf&r pfoduGts in design development are designated by the words Advance Information in the 
mas^ead. For oratiteriiHity piease contact your Summit Microelectronics representative. 

Data sheets for products beyond the design stage but not fully characterized are designated by the word 
Preliminary in the masthead. 

Data sheets for fully characterized products released to production will not have any additional wording in the 
masthead. ...► v. . *,. .. ^ 



PART NUMBER CHANGES 

The S24368 is renumbered and is now the SMD1 102/03 A<lvanca Inforniation data sheet. 
Pl^ MJHBEmNe CONVENTION 

BKl^f^'^tMMiMljtot change. ' ' 

In the future nisw Sumnit t 



I the part numbering convention shown below. 



Prefix 
SM 



Product Code 



SM X YYYY ssss 



T 



. Alpha-Numeric 
Suffix 



Numeric Part Number 



D = Conversion Product 

E = Enhanced Product Upgrade 

H = Hot Swap 

N = Nonvolatile Memory 

P = Digital Potentiometer 

R = Reference Voltage 

S = SupfliMsory Clmift @F Rss^ 



aurointt-s WWW Oeslfln Resoucca 




For convenient access to design help, log on to our 
Web site at mmnaiimm&mictv.com 



If you're looking for information on our unique analog 
circuits and you have access to the Internet, point your 
browser at our Web site. There you'll find a world of usefiil 
information on SUMMIT products and applications, 
as well as helpfirl phone and fax numbers for sales and 
su{>pon staff. 

No matter where you are located, you can get up-to-the 
minute information 24 hours a day, 7 days a week. Sotq^ trf 
the categories you can browse through: 

* Prodrnt b^^mrm«tm^ the latest information on 
new piodlicGl during Ant eatly stages of your designs. 
PiU out the product definition questioimaire and see 



if SUMMIT has a match for you today. If we don't, 
your wish list will go into our data bank for review ^ 
a possible standard product. 

• Applications Information. Get the latest notes and 
bulletins describing real life design challenges and 
SUMMIT soluaons. 

• Sales Offices. Find out who you should call for help 
in field sales or corporate headquaners. ^. 

• Employment. Discover career opportimlties tbrDtii^ 
our open job listings. 

Check out the comp^y's 
"ilbcm its ftm&enet and tatp&mt 



objectives. 



www.summitmicro.coiii 
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I^SUMMIT 

L I MICROELECTRONICS, Inc. 

Hot Swap Voltage Controller 



S39421 



FEATURES 

• Full Voltage Control for Hot Swap Applicatkms 

- Card Insertion Detection 

- Piatform Voltage Detection 

- Card Voltage Sequencing 

- 5 Volt, 12 Volt and 3.3 Volt 

• 12VoltFETEnabto6iVlils 

I - MitBim mmjBtlJBm OtHwrtaaanee N-Chamwl 

• Card Reset Gwieratton Based en OM <i( %8e 
Voltages 

I « Mtt Reset 

Slew Rate Contral|[^V/§pt 

Supports 5 Volt, 3.3 VoR and Mbced VoHage 
Cards 

Integrated 1 K Bit EiPROM Monory 

Data Download^" Mode [Simplifies 
Downloading of Configuration Memory Into 
biterttee or MCU] 



DESCRIPTION 

The S39421 is a fully integrated hot swap controller 
intended for use on add-in cards that may be inserted into 
or removed from powered-on host platforms. The S39421 
performs a variety of tasks starting with the validation of 
proper card insertion and the presence^of ^in^peif volt- 
ages at the host platform interface. 

Once power is switched on, the S39421 continues to 
monitor the back-end power to the add-in card and the 
host power supply. If either the 5V or 3.3V supplies drop 
below Vtrip the S39421 will immediately assert the RE- 
SET outputs and power-down the add-in card. 

In addition to the power control for the add-in card, the 
S39421 provides status signals that can be employed by 
the host and for the control of bus interface components. 

The on board E^PROM can be used as configuration 

memory for the individual card or as general purpose 
memory. The proprietary DataDownload mode provides 
a more direct interface to the E^PROM for simplified 
access by the add-in card's controller or ASIC. 
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S39421 



Symbol 


Pin 


Description 


VCC12 


1 


12 Volt Input 


DRVREN 


2 


High Side Driver Enable (L) 


ISLEW 


3 


Slew Rate Control 


VSEL 


4 


Voltage Select 


K>- 


5 


Data Download Enable 


CS 


6 


Microwlre Chip Select 


SK 


7 


Microwire Serial Clock 


Dl 


8 


Microwire Data In 


DO 


9 


Microwire Data Out 


PND2 


10 


Pin Detect 2 (Active Low) 


PNff1 


11 


Pin Detect 1 (Active Low) 


GND 


12 


Ground 


DARD_V_VLD 


13 


Card Voltage Valid 


SGNL_VLD 


14 


Signals Valid (Active Low) 


HST_PWR 


15 


Host Power Up Enable 


HST_RST 


16 


Host Reset (Active Low) 


RESET 


17 


RESET(Active Low) 


RESET 


18 


RESET 


GARDjSV 


19 


Card's 3 Volt Monitor Input 


VGATE3 


20 


3 Volt Gatd®il|pi : 


VCC3 


21 


3 Volt Input 


CARD_5V 


22 


Card's 5 Volt Monitor Input 


VGATE5 


23 


5 Volt Gate Output 


VCC5 


24 


5 Volt Input 



PINCONFWMMMI 



VCC12 



DRVREN 
ISLEW 

VSEL 

m 

SK 

Dl 

DO 

PND2 

pndT 

GND 



24 I VCC5 



23 I VGATE5 
22~| CARD_5V 
21~1 VCC3 
iol V(3ATE3 
CARD_3V 

mm 

lil HST_RST 
iFl HST„PWR 



14 I SGNL.VLD 
13 I CARD_V_VLD 

2DS«iy.1.1 



RECOMMENDED OPERATING CONDITIONS 



Condition 


Min 


Max 


Temperature 


-40°C 


+85°C 


MCC 


■ 

2.7V 


5.5V 



2024 POM m 
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ABSOLUTE MAXIMUM RATINGS* 



Temperature Under Bias 




-55 C to +125 C 


Storage Temperature 




-65 C to +150%y 


Voltage on : 


— H 




t .-n 

*.£ ^ — — 


VCC12 


lov 




VGC3 


TV 




CARD_5V 


# 




CARD_3V 


TV 


DRVREN, SGNL_VLD, CARD_V_VLD & RESET 


TV 




RESET 


Vcc +.TV 




All Others 


Vcc+.TV 


Output Short Circuit Current 




100mA 


Lead Solder Temperature (10 S( 


xs) 


300°C 



COMMENT 

Stresses listed under Absolute Maximum 
Ratings may cause permanent damage to 
the device. These are stress ratings only, and 
functional operation of the device at these or 
any other conditions outside those listed In 
the operational sections of this specification 
Is not implied. Exposure to any absolute 
maximum rating for extended periods may 
aftoel^isMii performance and retWHi^& — | 
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DC OPERATING CHARACTERISTICS (Over Recommended Operating Conditions) 



Symbol 


Parameter 


Conditions 


Min 


Max 


Units 


Icci 


Power Supply Current 


Operating 




150 


ma 


ICC2 


Power Supply Current 


E^PROM Access 




3 


mA 


Vtrips 


Host 5 Volt Sense 
Trip Level 




4.5 


4.T5 


V 


VCARDS 


Backend 5 Volt Sense 
Trip Level 




4. 5 


4.T5 


V 


VtRIP3 


Host 3 Volt Sense 

Trip Level - •: 




2.8 


3.0 


V 


VCARD3 


Backend 3 VdK Sense 

Trip Level 






3.0 


V 


Ili 


Input Leal<age Current 






2 


HA 


Ilo 


Output Leal<age Current 






10 


ma 


ViL 


Input Low Voltage 




-0.1 


0.8 


V 


VlH 


Input High Voltage 




2 


VCC+1 


V 


Vol 


Output Low Voltage 






0.4 


V 


VOH 


Output High Vottage 


Vm~ SiW. kmm -400mA 


2.4 




V 


VOLRS 


RESET Output Low Voltage 


loL = 1 mA 




0.4 


V 


VoHRS 


RESET Output High Voltage 


loH = -400 mA 


Vcc-.TSV 




V 



♦ POM 1*1 
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MEMORY AC OPERATING CHARACTERISTICS (Over Recommended Operating Conditions) 



Svmbol 


Parameter 


Conditions 


Min 


Max 


Units 


tcss 


OS Setup Time 






50 


ns 


tcSH 


CS Hold Time 









ns 


tois 


Dl Setup Time 




100 




ns 


tOIH 


Di Hold Time 




100 




ns 


tPDI 


Output Delay to 1 






250 


ns 


tpDO 


Output Delay to 






250 


ns 


tHZ 


Output Delay to Hi-Z 






100 


ns 


tew 


Program/Erase Time 






10 


ms 


tcSMIN 


KMntlum CS Low Time 




250 




ns 


tSKHI 


Minimum SK Low Time 




250 




ns 


tsv 


Output Delay to Status Valid 






250 


ns 










1 


MHZ 



2024 PGM T3.0 



SEQUENCER AC OPERATING CHARACTERISTICS (Over Recowwwwided Operating Conditions) 



Symbol 


Parameter 


Notes 


Min 


Max 


Units 


TSLEW 


Slew Rate 






250 


V/Sec 


Thse 


High Side Enable Delay 


Card Insertion Noise Filter 


100 


200 


ms 


Vtrhst 


Trip Point Hysteresis 




7 




mV 




Power-up Reset Timeout 




100 


200 


ms 




^eternal: 'RepM. llRliiiM' 


WO{STfi9ie«wlMiy 


_ tii 




m 


tRPD ' 


Vtrip to RESET output Delay 






5 


us 


Vrvalid 


RESET Output Valid 




1 




V 


tCiLTICH 


Glitch Reject Pulse Width 






40 


ns 



a24PGMT4.1 



S39421 



VCC5 



VTRIP5 

Vrvalid 



RESET 



■jtr- 



r 

J 



RESfer 



PND1+PND2 



Vq^TES&VgaTES 



DRVREN ' 



CARD_5V & CAB0J3V 



CARDJ/_VLD 



VCARD3 
& 

VCARD5 



.a 




■xr- 



IZVLevsl 



tsuw 



IPURST 



s 



FIGURE 1. CARD INSERTION TIMING DIAGRAM 
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S39421 



VCCS 



PinD1-t-PinD2 



IIIIIIIIIUIIIII 



SGNLS_VLD & DRVREN 



VGTES 



12V 



1 I 



tRPD -4 



CARD5V 



CARD_V_VLD & RESET - 



menMi a tail of voltage timing sequence 



PlnD1+PlnD2 



VCCS 



Vl@Ar^&V@^€13 



SGNLS_VLD & DRVREN 



12V 




CAR[^V 



CARD_V_VLD & RESET 



A 



FIGURE 3. CARD REMOVAL TIMING SEQUENCE 



\ 
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PIN DEscmpwns 

PIN NAME [CompactPCI name] (pin # 

VCC12 (Pin 1): Supplies flie 12 voRs required for power- 
ing the high-side drivers. 

DRVREN (Pin 2): Open drain, active low output indicates 
the status of the 3 volt and 5 volt high side driver outputs 
(VGATE5 and VGATE3). This signal may also be used as 
a swttiMtg signal lorM volt supply. 

ISLEW (Pin 3): Diode-connected NFET input may be 
used to adjust the 250V/s default slevi^ rate of the high-side 
driver outputs. One quarter of the current injected into this 
pin will be mirrored into each of the high-side driver 

VSEL (Pin 4): TTL level input used to determine which of 
the IHost power supply inputs will be monitored for valid 
vottage and reset generation. 



VSEL-Voltage 
Select 


Host Voltage 
Monitored 


Low 


§ Volt or MtoHMode 




3.3 Volt Only 



DD (Pin 5): A high going edge on this input will place the 
embedded memory into Data Download mode. This 
mode iailows the entire contents of the E^PROM array to 
be read out of the device by selecting the device (OS high) 
and providing cioci< cycles on the SK input. Data Down- 
load mode is exited when Chip Select is brought low. 

@i (Pin 6): E^PROM memory chip s^ect, active high. 

SK (Pin 7): E^PROM memory serial clock input. 

01 (Pin 8): E^PROM memory data input. 

DO (Pin 9): E^PROM memory data output. 

PND2 [BD_SEL2)!f| (Pin 10): Active low TTL level Input 
with internal pull-up to VCC5. In conjunction with PND1 , 
this signal indicates proper card insertion. This pin must 
be connected to ground on the host side of the connector. 
PND1 and PND2 must be placed on opposite corners of 
the connector and will preferably be staggered shorter 
than the power connector pins. Board insertion is as- 
sumed when PND1 and PND2 are low. 

PND1 [BD_SEL1#] (Pin 11): Active low TTL level input 
with internal pull-up to VCC5. In conjunction with PND2, 
this signal indicates proper card irisertion. 

GND (Pin 12): Ground. 



CARD_V_VLD (pin13): CARD_V_VLD is an open drain 
output, indicaiting the card#(i»w(^^^pg sre at or atom 
Vtrip. 

SGNL_VLD (Pin 14): Signals valid (SGNk.VLD) te m 
open drain active low signal indicating the card side power 
is valid and that the reset signals have been released. 

This signal can be used by the host as an indication that 
the bus interface is active and all signals are valid. 

HST_PWR (pInIS): The host power (HST_PWR) input is 
an active high input. It provides the host system active 
control over the sequencing of the power up operation. 
When low, the S39421 will hold the add-in card in reset 
and block all power to the backend logic. When 
HST_PWR is high the power sequencing will begin imme- 
diately and the reset outputs will be driven active after 

tpURST. 



HST_RST [PCI_RST#] (Pin 16): TTL level input used as 
a reset input signal from the host interface. An active low 
level longer than 40 nsec will cause a reset sequence to 
be performed on the card. The power switching logic will 
not be affected. 

RESET (Pin 17): RESET is an active low open-drain 
output. It should be tied high through a pull-up resistor 
connected to Vcc 

RESET (Pin 18): RESET is an active high open drain 
(PFET) output. It should be tied low through a pull-down 

resistor connected to ground. 

CARD_3V (Pin 19): 3.3 volt card side supply input. This 
input is monitored for power integrity. If it falls below the 
3.3V sense threshold, the PWR_VLD signal is de-as- 
serted and a RESET sequence Initiates. 

VGATE3 (Pin 20): Slew rate limited high side driver 
output for the 3.3V external Power FET gate. 

VCC3 (Pin 21): 3.3 volt host side supply input. This input 
is monitored for power integrity. If it falls below the 3.3V 
sense threshold, the SGNL_VLD signal is de-asserted 
aid Wm !)iti sMBMnv^MiMw 

CARD_5V (Pin 22): 5 volt card side supply input. This 
input is monitored for power integrity. If it falls below the 
5V sense threshold and the VSEL input is low, the 
PWR_VLD signal is de-asserted and a RESET sequence 



VGATE5 (Pin 23): Slew rate limited high side driver 
output for the 5V external Power FET gate. 

VCC5 (Pin 24): Power to the S39421 and 5 wrt h09tlsMto 
supply input. This input is monitored for power Integrity. If 
it falls below the 5V sense threshold and the VSEL input 
is low, the SGNL_VLD signal is de-asserted and the high 
side drivers disabled. 
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DEVICE OPERATION 
Power-Up Sequence 

A sequencing operation is initiated by ttie physical Inser- 
tion of the card into the platform's connector. The 
SSP^I *s M^XM pbt should be connected to the early 
pmmpeiS!<iin»mmm^* fim 9Qon as power is applied , 
tf» S394S1 v«in dHV« M t«Sitt)utputs active and clamp 
the VGATE outputs to ground. 

Proper card insertion is insured by detecting the presence 
of a low level on the pin detect (PND1 , PND2) inputs, 
whi@h should be locs^ m op>oslte ends of the bus 
ammitar. Thetig^ eteteettnputs have internal pull-up 
resistors and the connection on the host platform side 
must be connected directly to ground. [In a CompactPCI 
application these are the BD_SEL# signals]. The PND 
inputs have an internal noise filter nominally set at 1 50ms. 
Once the proper card insertion has been detected, the 
S39421 will Check the status of the HST_PWR signal from 
the host. 

Implementation of HST_PWR Is optional; e.g. it can be 
used to power down individual cards on the bus via 
software control. If It Is not used by the host system the 
Input must be held high in order for the S39421 to enable 
power sequencing to the card. 

Once these basic conditions are met the S39421 will 
begin the power-up portion of the sequence. First, the 
host platform supplies are checked for compliance. 
Based on the state of the VSEL Input the S39421 will 
monitor the +5V and +3.3V supplies. If these are above 
the VTRIP thresholds the sequencing next begins the 
backend logicf^wwNon operation. 

The S39421 will drive the VGATE3 and VGATE5 outputs 
to the 1 2V rail to turn on the external 3 volt and 5 volt power 
1^8. The slew rate of these ou^nHs detautts to 250V/s. 



S39421 



Different slew rates can be accommodated by either 
adding an additional capacitor between the FET gate and 
ground or by injecting current into the ISLEW input. 

RESET CONTROL 

The S39421 will now monitor the badcend card voltages 
on pins CARD-5V and CARD_3V. Wh^ these inputs are 
above their respective VTRIP teisris tie S^S^tUli 
release PWR_VLD. 

If the HST_RST [PCI_RST#] input is released (pulled 
high) the S39421 wili begin timing out Its reset function 
and release reset to the card after tpuRST. With the release 
of the reset ou^uts, the^IMn «iit clitrat»S<ia«4^^t^ 
output. 

During normal operation, the supply voltages are continu- 
ously monitored. If the cardslde supplies fall below the 
VTRIP levels the reset outputs will be driven active. If the 
host platform supplies fall below VTRIP, the S39421 will 
immediately assert the reset outputs and disable the 
highside drivers. 

Power Configurations 

The S39421 can be used in 5V-only, 3.3V-only and mixed 
voltage systems. For mixed voltage systems, simply 
connect the appropriate bus and card power inputs as 
Indicated. The VSEL pin should be grounded. 

For systems with a single power supply, connect VCC5 
and VCC3 together to the platform iiost early power line 
(long pin power supply). Also connect CARD5V and 
CARD3V together to the cardslde power output of the 
FET. 

The state of VSEL determines the reset level that will be 
used to signal CARD_V_VLD. For 3.3V systems, tie 
VSEL ta Mse siipiy; for 5V systems, tie VSEL to ground. 
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MEMORY OPERATION 

The S39421 has a 1024-bit nonvolatile memory 
intended for use with industry standard microprocessors. 
th^tnsmQiytecwgn^zed as XI 6, seven S-bit instructions 
mmM the reading, writing and erase operations of the 
dev^. The device operates on a single 3V or 5V supply 
and will generate on chip, the hi£^ voltage required during 
any write operation. 

iraMn^fons, esbimsses, and write data are clocked into 
the Dl pin on the rising edge of the clock (SK). The DO pin 
Is normally in a high impedance state ^cept when read- 
ing data from the device, or when ciMsKin|[th0 rea(|^lMl^ 
status after a write operation. 

The rea%^sy stateis can be detennined after the start of 
a write appttSon fay selecting the memory and polling the 
DO pin; DO tow ln<fll»tes that the write operation is not 
completed, while DO high indicates Mt fin ^ 
ready for the next instruction. 

The format for all instructions is: one start bit; two op code 
bits and either six address or instruction bi^ 

Read 

Upon receiving a READ command and an address 
(clocked into the Dl pin), the DO pin will come out of the 
high impedance state and, will first output an initial dummy 
zero bit, then begin shifUi^ out the data addressed (MSB 
ffr^. The«iitpKit ilsdk will toggle on the rising edge of 
the SK clock and are stable after the specified time delay 

(tpDOOrtpDl). 

Continuous Read 

This begiq§iu§t JiXa S, standard read with the host issuing 
4 italtincMiQn ieek clocking out the data byte [word]. If 
fte ho^ ttteti lc«liis CS .^l^jnd continues generating 
rndta on SK, Wm S&S^ wIM output data from the nesA 
higher address location. The S39421 will cot^Rue 



incrementing the address and outputting data so long as 
CS stays high. If the highest address is reached, the 
address counter will roll over to address 0000. CS going 
low will reset the instruction register and any subsequent 
read must tie initiated in the mmM manner of issuingite , 
command and address. ' 

Write 

After receiving a WRITE command, address and the data, 
the OS (Chip Select) pin must be deselected for a mini- 
mum of 250ns (tcsMiN). The falling edge of CS will start 
automatic write cycle to the memory location specified in 
the instruction. The ready/busy status can be detennined 
by selecting the device and polling the DO pin. 

Page Write 

Assume WEN has been issued. The host will then take CS 
high, and begin clocking in the start bit, write command 
and 6-bit address immediately foltowed by the first 1 6-bit 
' word of data to be written. The host can then continue 
clocking In 1 6-bit words of data with each word to be 
written to the next higher address. Internally the address 
pointer Is Incremented after receiving each group of 
sixteen clocks; however, once the address counter 
reaches xxx xlll It will roll over to xx xGOO with the next 
clock. After the last bit is clocked in no internal write 
operatfod wHI cMbcur until CS is draught low. 

Erase 

Upon receiving an ERASE command and address, the 
CS (Chip Select) pin must be deselected for a minimum 
of 250ns (tcsMiN). The falling edge of CS will start the auto 
erase cycle of the selected memory location. The ready/ 
busy status can be determined by selecting the device 
and polling the DO pin. Once cleared, flm ponteHt Si li ] 
cleared location returns to a lo£^l "1 " state. 

. , 



'SKHI 



SKLOW — ^ 



'cSH 



SK 



. mmmi f 



tDIS 



'DIH 



VAUD 



*css 



CS 



00 



VALID 



'CSMIN 



DATAVALID 



FIGURES. SYCHRONOUSDATA-nMING 
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BUSY 
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'EW- 



READY 



'HZ 



HIGH-Z 



FIGURE 7. WRITE INSTRUCTION TIMING 



Erase/Write Enable and Disable 

The memory powers up in the write disable state. Any 
writing after power-up or after an EWDS (write disabie) 
instruction must first be preceded by the EWEN (write 
enable) instruction. Once the write instruction is enabled. 
it will remain enabled until powertothe device is removed, 
or the EWDS instruction is sent . The EWDS instruction 
can be used to disable aii S39421 write and clear instruc- 
tions, and will prevent any accidental writing or clearing of 
the device. Data can be read normally from the device 
regardless of the write enable/disable s^tus. 



Write All 

Upon receiving a WRAL command and data, the CS (Chip 
Select) pin must be deselected for a minimum of 250ns 
(tcsMiN)- The falling edge of CS will start the self clocking 
data write to all memory locations in the dewiee. Tbe 
clocking of the SK pin is not necessary afterthedevksshas 
entered the self clocking mode. The ready/busy status of 
the S39421 can be determined by selecting the device 
and polling the DO pin. It is not necessary for all memory 
locations to be cleared before the WIRAL command Is 
«KeQJtsd. 
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FIGURE 10. WRAL INSTRUCTION TIMING 
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INSTRUCTION SET 



Instruction 


Start 


Opcode 


Address 


Data 


Comments 




Bit 




x16 






READ 


1 


10 


x(A5-A0) 




Read Address AN-AO 


ERASE 


1 


11 


x(A5-A0) 




Clear Address AN-AO 


WRITE 


1 


01 


x(A5-A0) 


D15-D0 


Write Address AN-AO 


WEN 


1 


00 


11XXXX 






EWDS 


1 


00 






Write t^Me 


WRAL 


1 


00 


o^xxxx 


D15-00 


VMs^Aiiresses 
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Data Download Mode 

The Data Download mode is an alternative method of 
accessing the E^PROM memory. Use of this mode allows 
downloading the entire contents of the memory without 
entering any commands. The DD mode is enabled after a 
low to high transition on the DD pin, while continuing to 
assert DD (this includes powering up the device with DD 
tied high). Also, as a condition to enter this mode, the 
device must not be In a state of reset. Once in Data 
Download mode, the device will wait until Chip Select is 



driven active. At this point, the device will output a dummy 
'0' followed by the contents of location 0000. As long as 
the SK line is toggled the S39421 will continue to output 
the contents of sequential address locations. In this 
manner, the configuration data that is loaded into an 
interface device can be accessed in a simple manner 
without requiring the logic of the interface chip to generate 
the complex signals needed for the mlprowire interface. 
Data Download mode Is exited upon M first high to low 
transition of Chip Select input 




Address 000-' Addr€«s001 — Data From ) Address IFF. 

Address 1FE--' 



FIGURE 11. DATA DOWNLOADER SEQUENCE OF OPERATION 
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Data Download Control 

There are a number of ways to implement the data 
download mode of operation. For appljpations that do not 
require of ttds feature, simpt^ fNlM the DD pin and 
mantle fie func^on altogether. 



In Figure 1 3, DD is tied to Vcc through a pull-up resistor. 
This will allow only a single download after power on. The 
actual download function would not be enabled until 
tpuRST had expired and CS was brought high. As soon as 
CS is deselected the DD mode will be disabled. The 
primary disadvantage to this method Is the lack of a reload 
after brownout. The DD mode may or may not be initiated 
depending on how low the power is cycled. 




System ^ 
Reset V 




FIQUmE 12. DD DISABLED 



mURE fS.tlB'nilE DOWNLOAD 




i 




mme i4. mo eoNnwL 



In Figure 1 4, the S39421 DD mode is 1 00% underthe control of the add-in board's ASIC. The pull-down resistors insure 
CS and DD do not float while the ASIC is in a reset state or shortly thereafter, which may lead to spurious activity on 
CS and DD, possibly indicating a false DD request. 
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RESET 

l/Oe 
ASIC i/oa 

I/Ob 
l/Oc 
l/Od 



2I1MIU.11 J) 

Fiaiine i& DOWNLOAD BtABLED IN <^mmmm»immmBme tmmsi 

Figure 15 is a good implementation to use whenever there is a requirement to download data from the memory after 
any reset cycle. This provides control of the DD input function after power-on, brown-out or a system induced reset 
offiidllion. In this way the data download function is ready under any circumstance an ASIC or MCU might need to 
Initidizaaon data. 
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FIQURE 16. DO CIRCUIT 4 TIMING SEQUENCE DIAGRAM 
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Sleyy Rate Control 

Th© norr#«d slew rate for the VGATE3 and VGATE5 
ou^Hits is set at a default value of 250V per second, which 
GOftforms to a number elf s^dards including that for 
Compact fa. This sl^ rate helps limit current spike 
transients as the bypass capacitors of the add-in card are 
charged. The conditions for the default slew rate are; 
ISLEW input is grounded; and the Cvgate capacitance is 
h»s than or equal to aditF. 

The slew rate can be extended (made slower) by adding 
capacitance to the VGATE outputs. In this case it should 

be assumed the Islew input is grounded. The VGATE 
outputs can drive up to 20)iA typically, so the slew rate may 
be calculated as 20nA t Cvgate (n<« exceeding 2S0V/s). 
Refer to Graph 1 shown below. 
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The slew rate can be increased (made faster) by injecting 
current into the ISLEW input. One quarter of the current 

injected into ISLEW will be mirrored out of the VGATE 
drivers. The resulting slew rate may be calculated as 
Islew t 4xGvgate (not less than 250V/s). Example slew 
rates are plotted to Illustrate the effects of capacitance on 
the VGATE output in Graph 2. The reason for the flat 
portion of the graph is that the internal slew rate control 
operates in parallel to add as much as 20^ (typiiBjili|i^% 
help keep the SR at 250V/s. 
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Note that the ISLEW input is simply a diode-connected 
IVIOSFET. As a consequence, its l-V charactailgig is 
temperature dependent. 
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USA Swap VoHage Controller 



FEATURES 

• Full Voltage Control for Hot Swap Applications 

- Card Insertion Detection 

I - Platform Voltage Detection 

- Card Voltage Sequencing 

- 5 Volt, 1 2 Volt and 3.3 Volt 

• 12 Volt FET Enable Outputs ' ' 

' - Allows use of Low 0n-r8ei^meill##liiiMil 
FETS 

• Card Reset Gefferati<m Based on Out of 9$m 

Voltages 

- Host Reset 

• Programmable Slew fMe Control ^OV/See 
Default Rate] 

• Supports 3.3 Vott and MtaMWili^ 
Cards 

• Integrated 4K Bit E^PROM Memory 

• Data Download™ Mode [Simplifies 
[ of Ccwinfiiistion Memory Inio 



Praliminary 



fi^CRiPnON 



The 839424 is a fully Integrated hot swap controller 
Intended for use on add-In cards that may t>e inserted into 
or removed from powered-on host platforms. The S^24 
performs a variety of tasl<s starting with the validation of 
proper card insertion and the presence of "in-spec" volt- 
ages at the host platform interface. 

Once power is switched on, the 339424 continues to 
monitor the l>ack-end power to the add-in card and the 
host power supply. If either the 5V or 3.3V supplies drop 
t)eiow Vtrip the 839424 will immediately assert the RE- 
SET outputs and power-down the add-in card. 

In addition to the power control for the add-in card, the 
S39424 provides status signals that can be employed by 

the host and for the control of bus interface components. 

The on board E^PROM can be used as configuration 
memory for the individual card or as general purpose 
memory. The proprietary DfitaDownload mpde prQvi^ 
a more direct interface to flie E^PROM W', 
access by the add-in card's controller or ASIC. 
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Characteristics subject to ctiange without noUce 



VCC12 



DRVREN 



ISLEW 



VSEL 



DD 



CS 



SK 



Dl 



DO 



PND2 



'mm 



GND 



3ARD_V_VLD 



SQNL_VLD 



HST_PWR 



HST_RST 



RESET 



HISET 



CARD_3V 



VGATE3 



VCC3 



CARD 5V 



VGATE5 



VCC5 



Pin 



10 



11 



12 



13 



14 



15 



16 



17 
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20 



21 
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Description 



12 Volt Input 



High Side Driver Enable (L) 



Slew Rate Control 



Voltage Select 



Data Download Enable 



Microwire Chip Select 



Microwire Serial Cfodc 



Microwire Data In 



Microwire Data Out 



Pin Detect 2 (Active Low) 



Pin Detect 1 (Active Low) 



Ground 



Card Voltage Valid 



Signals ValM (Active Low) 



Host Power Up Enable 



Host Reset (Active Low) 



RESET(Actlve Low) 



RESET 



Card's 3 VgtK 



3 Volt Input 



Card's 5 Volt Monitor Input 



5 Volt Gate Output 



5 Volt Input 



PIN CONRGURATION 
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1 2 




1 3 




rr 


•fl-TWDD 
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cs 


in 
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01 
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tn 




□I 










GND 


1 12 
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VCC5 


23 1 


VGATE5 


22 1 


CARD_5V 


21 J 






20 I 


VGATE3 






19 1 


CARD_3V 




RESET 


17 1 


RESET 




HSTJIST 


"ml 


MP#WR 


14 1 


SGNL_VLD 






13 1 


CARD_V_VLD 
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RECOMMENDED OPERATING CONDITIONS 



Condition 


IVlin 


Max 


Temperature 


-40''C 


+85°C 


Vcc 


2.7V 


5.5V 



ABSOLUTE MAXIMUM RATINQS* 




Temperature Under Bias 


-55°C tO+125°C 


Storage TrnmemUm 


-es-cto+iso'C 


Voltage on : 


VCC12 


VCC3 


TV 


CARD_5V 


TV 


CARD_3V 


TV 


jPiffWi $GNL_VLD, CARDJOflJ) & RESET 


TV 


RESET 


Vcc +.TV 


Ml Others 


Vcc +.TV 


Output Short Circuit Currer«t 


lOOmA 


Lead Solder Temperature (10 sees) 


300°C 
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COMMENT 



Stresses listed under Absolute Maximum 
Ratings may cause permanent damage to 
the device. These are stress ratings only, and 
functional operation of the device at these or 
any other conditions outside those listed in 
the operational sections of this specification 
ts not implied. Exposure to any absolute 
mmiDum rating for extended periods may 
4^@l MM performance and reliability. 



DC OPERATING CHARACTERISTICS (Owr Recommended Operating Conditions) 



Symbol 


Parameter 


Conditions 


Min 


Max 


Units 


lcci 


Power Supply Current 


Operating 




150 


ma 


icC2 


Power Supply Current 


E^PROM Access 




3 


mA 


Vtrips 


Host 5 Volt Sense 

Trip Level 




4.5 


4.T5 


V 


VcARDS 


Bacl<end 5 Volt Sense 
Trip Level 




4.5 


4.T5 


V 


VtR1P3 


Host 3 Volt Ser^ 
Trip Level 




2,8 


3,0 


V 


VcARD3 


Backend 3 Volt Sense 
Trip LeiM 




2.8 


3.0 


V 


Ili 


Input Leakage Current 






2 


HA 


Ilo 


Output Leakage Current 






10 


ma 


ViL 


Input Low Voltage 




-0.1 


0.8 


V 


VlH 


Input High Voltage 




2 


VCC+1 


V 


Vol 


Output Low Voltage 


Vcc = 5.0V, loL = 2.1mA 




0.4 


V 


VOH 


Output High Voltage 


Voc = S.0V,b^^<40$(£^ 


ZA 




V 


VoLRS 


RESET Output Low Vdtage 






0.4 


V 


VOHRS 


RESET Output High Voltage 


ioH=-400mA 


Vcc-7itf 




V 
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MEMORY AC OPERATING CHARACTERISTICS (Over Recommended Operating Conditions) 



Symbol 


Parameter 


Conditions 


Min 


Max 


Units 


tcss 


OS Setup Time 






50 


ns 


tcSH 


I^MdTime 









ns 


tois 


Dl Setup Time 




100 




ns 


toiH 


Dl Hold Time 




100 




ns 


tPDI 


Output Delay to 1 






250 


ns 


tpDO 


Output Delay to 






250 


ns 


tHZ 


Output Delay to Hl-Z 






100 


ns 


tEW 


Program/Erase Time 






10 


ms 


tCSMIN 


Minimum OS IM fbne 




250 




ns 


tSKHI 


Minimum^ Lsw Hme 




250 




ns 


tsv 


Output Delay to Status Valid 






250 


ns 


SKmax 


Maximum Clock Frequent 






1 


MHZ 
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SEQUENCER AC OPERATING CHARACTERISTICS (Over Recommended Operating Conditions) 



Symbol 


Parameter 


Notes 


Min 


Max 


Units 


TSLEW 


Slew Rate 






250 


V/Sec 


Thse 


High Side Enable Delay 


Card Insertion Noise Filter 


100 


200 


ms 


Vtfihst 


Trip Point Hysteresis 




7 




mV 








100 


200 


ms 


tRBSET 


E^demal Reset Timeout 


HST_RST Release Delay 


100 


200 


ms 


tRPD 


Vtrip to RESET output Delay 






5 


us 


Vr VALID 


RESET Output Valid 




1 




V 


tGLTICH 


Glitch Reject Pulse Width 






40 


ns 
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VCARD3 
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vgards 




' mm 
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IIIIIIIIIIIIIILI 



SGNLS.VLO & DRVREN 



VGTE5 



12V 



I I 



CARDSV 



CARD_V_VLD & RESET - 



A. 



PinD1+PinD2 

vec5 

VGATE5&VGATE3 



12V 



SGNLS.VLD & DRVREN 



CARD5V 




CARD_V_VLD & RESET 



V 



FIGURES. CARD REMOVAL TIMING SEQUENCE 
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PIN DESCRIPTIONS 

PIN NAME [CompactPCI name] (pin #) 

VCC12 (Pin 1): Supplies the 12 volts required for power- 
ing the high-side drivers. 

DRVREN (Pin 2): Open drain, active low output indicates 
the status of the 3 volt and 5 volt high side driver outputs 
(VG ATE5 and VG ATE3) . This signal may also be useid as 
a switching signal for the 12 volt supply. 

ISLEW (Pin 3): Diode-connected NFET input may be 
used to adjust the 250V/S default slew rate of the high-side 
driver outputs. One quarter of the current injected into this 
pin will be mirrored into each of the high-side driver 
outputs. 

VSEL (Pin 4): TTL level input used to determine which of 
the IHost power supply inpu^ ,1^ i^csn^iwsd: fl| ysM 
voltage and reset generation. 



VSEL-Voitage 
Select 


Host Voltage 
Monitored 


Low 


5 Volt or Mixed-Mode 


Higln 


3.3 Volt Only 



DD (Pin 5): A high going edge on this input will place the 
embedded memory into Data Download mode. This 
mode allows the entire contents of the E^PROM array to 
be read out of the device by selecting the device (OS high) 
and providing clock cycles on the SK input. Data Down- 
load mode is exited when Chip Select is brought low. 

CS (Pin 6): ^PROM mwnory chip select, active high. 

SK (Pin 7): E^PROM memory serial clock input. 

Dl (Pin 1^: E^PR^ memory datei input. 

DO (Pin 9): E^PROM memory data output. 

PND2 [BD_SEL2#] (Pin 10): Active low TTL level input 
with internal pull-up to VCC5. In conjunction with PND1, 
this signal indicates proper card insertion. This pin vmM 
be connected to groundontheliost of Hie .cowteetof. 
PN01 and PND2 must be placed on opposite comers of 
the connector and will preferably be staggered shorter 
than the power connector pins. Board insertion is as- 
sumed when PND1 and PND2 are low. 

PND1 [BD_SEL1#] (Pin 11): Active low TTL level input 
with internal pull-up to VCC5. In conjunction with PND2, 
this signal indicates proper card insertion. 

GND (Pin 12): Ground. 
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CARD_V_Vl.D (pini 3): CARD_V^VLD is an open drain 

otitput, irfteMf fta esfi'Siiele^^eA^^ at or above 
Vtrip. 

SGNL_VLD (Pin 14): Signals valid (SGNL_VLD) is an 
open drain active low signal indicating the card side power 
is valid and that the reset signals have been released. 
This signal can be used by the host as an indication that 
the bus interface is active and all signals are valid. 

HST_PWR (pin15): The host power (HST_PWR) input is 
an active high input. It provides the host system active 
control over the sequencing of the power up operation. 
When low, the S39424 will hold the add-in card in reset 
and block all power to the backend logic. When 
HST_PWR is high the power sequencing will begin imme- 
diately and the reset outputs will be driven active after 

tpURST. 

HST_RST [PCI_RST#] (Pin 1 6): TTL level input used as 
a reset input signal from the host interface. An active low 
level longer than 40 nsec will cause a reset sequemiiim- 
be performed on the card. The power switching logic will 
not be affected. 

RESET (Pin 17): RESET is an active low open-drain 
output. It should be tied high through a pull-up resistor 
cwinected to Vc^. 

RESET (Pin 18): RESET is an active high open drain 
(PFET) output. It should be tied low through a pull-down 
resistor connected to ground. 

CARD„3V (Pin 19): 3.3 volt card side supply input. This 
input is monitored for power integrity. If it falls below the 
3.3V sense threshold, the PWR_VLD signal is de-m- 
sorted and a RESET sequence initiates. 

VGATE3 (Pin 20): Slew rate limited high side driver 
output for the 3.3V external Power FET gate. 

VCC3 (Pin 21 ): 3.3 volt host side supply input. This inpit 
is monitored for power integrity, if it iam beiow the B,W 
sense threshold, the SGNU_VLD signal is de-asserted 
and the high side drivers disabled. 

eJOTD_5V (Pin 22): 5 volt card side supply input. This 
input is monitored for power integrity. If it falls below the 
5V sense threshold and the VSEL input Is tow, ttie 
PWR^VU3 signal is de-asserted and a RESET sequence 

VGATE5 (Pin 23): Slew rate limited high side driver 
output for the 5V external Power FET gate. 

VCC5 (Pin 24): Power to the 839424 and 5 volt host side 
supply input. This input is monitored for power integrity. If 
it falls below the 5V sense threshold and the VSEL input 
is low, the SGNL_VLD signal is de-asserted and the high 
side drivers dis^led. 
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DEVICE OPERATION 
Power-Up Sequence 

A sequencing operation is initiated by the physical inser- 
tion of the card into the platform's connector. The 
S39424's VCC5 pin should be connected to the early 
power pins of the connector. As soon as power is applied, 
the S39424 will drive the reset outputs active and clamp 
the VQATE outputs to ground. 

Proper card insertion is insured by detecting the presence 
of a low level on the pin detect (PND1 , PND2) inputs, 
which should be located on opposite ends of the bus 
connector. These pin detect inputs have internal pull-up 
resistors and the connection on the host platform side 
must be connected directly to ground. [In a CompactPCI 
application these are the BD_SEL# signals]. The PND 
inputs have an internal noise filter nominally set at 1 50ms. 
Once th9 {WipM eM insertion has been detected, the 
S39424wttleheekfliestahi80ftheHliTL#WBi^^ 
the host. 

Implementation of HST_PWR is optional; e.g. it can be 
used to power down individual cards on the bus via 
software control. If it is not used by the host system the 
input mu^b^ hpldJ^Igh in order for the SS^M to 
power secjuendng to ttie card. 

Once these basic conditions are met the S39424 will 
begin the power-up portion of the sequence. First, the 
host platform supplies are checked for compliance. 
Based on the state of the VSEL input the S39424 will 
monitor the +5V and -I-3.3V supplies. If these are above 
ttie VTRIP thresholds the sequencing next begins the 
ba£)i»nd logic power-on operation. 

The S39424 will drive the VGATE3 and VGATE5 outputs 
to the 1 2V rail to turn on the external 3 volt and 5 volt power 
FETs. The slew rate of these outputs dUi^mM t^ WS^M. 
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Different slew rates can be accommodated by either 
adding an additional capacitor between the FET gate and 
ground or by injecting current Into the ISLEW input. 

RESET CONTROL 

The S39424 will now monitor the backend card voltages 
on pins CARD_5V and CARD_3V. When these inputs are 
above their respective VTRIP levels the ^19424 will 
release PWR_VLD. 

If the HST_RST [PCI_RST#] input is released (pulled 
high) the S39424 will begin timing out its reset function 
and release reset to the card after tpuRST. With the release 
of the reset outputs, the S39424 will drive the SGNL_VLD 

output. 

During normal operation, the supply voltages are continu- 
ously monitored. If the cardside supplies fall below the 
VTRIP levels the reset outputs will be driven active. If the 
host platform supplies fall below VTRIP, the S39424 will 
immediately assert the reset outpute ami di^le the 
highside drivers. 

Power Configurations 

The S39424 can be used in 5V-only, 3.3V-only and mixed 
voltage systems. For mixed voltage systems, simply 
connect the appropriate bus and card power inputs as 
indicated. The VSEL pin should be grounded. 

For systems with a single power supply, connect VCCS 
and VCC3 together to the platform host early power line 
(long pin power supply). Also connect CARD5V and 
CARD3V together to the cardside power output of the 
FET. 

The state of VSEL determines the reset level that will be 
used to signal CARD_V_VLD. For 3.3V systems, tie 
to the supply; for 5V systems, tie VS^ to ground. 
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MEMORY OPERATION 

The 839424 has a 4K-bit nonvolatile memory 
intended for i»e with iftdustty standard microprocessors. 
The memory is otfantzed m XI 6, seven 11 -bit instruc- 
tions control the reading, writing and erase operations of 
the device. The device operates on a single 3V or 5V 
supply and will generate on chip, iM»ii||bMil(|p| inquired 
during any write operation. 

tru^ructions, addr^ses, and write data are clocited Into 
the Dl pin on the rising edge of the clock (SK). The DO pin 
is normally in a high impedance state except when read- 
ing data from the device, or when checldrig jitecwl^Mwsy 
Status after a write operation. ~ 

The ready/bu^ stslus ean be detennlned afterthe start of 
a write operation by selecting the memory and polling the 
DO pin; DO low Indicates that the write operation is not 
completed, while DO high indicates that il0 dpvlce Is 
ready for the next Instruction. 

The fonnat for sM InsMuctions Is: one start bit; twMt^SphOode 
bits and eitfter eight address or instrucUon iMa. 

Read 

Upon receiving a READ command and an address 
(clocked Into the Dl pin), the DO pin will come out of the 
high linpedancesfateand, will first output an initial dummy 
mio bit, Ihm begin shifting out the data addressed (MSB 
first). The output data bits will to^e on the rising edge of 
the SK clock and arej^isdiftaisr ta^sd^sdliMl dl^y 

(tpDO or tpDl). 

Continuous Read 

This baguis just like a standard read with the host issuing 
a r«EKf liMKieHt arid ^iiiieihg out the data byte [word]. If 
the host ttawt iecij^ €S high and continues generating 
cloctes on ^ the l^fttS^'will output data from the mxX 
higher address locatimi. The S39424 will conUhUt 
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incrementing the address and outputting data so long as 
OS stays high. If the highest address Is reached, the 
address counter will roll over to address 0000. OS going 
low will reset the instruction regist^^ii^ariy subsequent 
read must be initiated In the normal manner of issuii^fM . 
command and address. 

Write 

After receiving a WRITE command, address and the data, 
the OS (Chip Select) pin must be deselected for a mini- 
mum of 250ns (tcsMiN). The falling edge of CS will start 
automatic write cycle to the memory location specified In 

the instruction. The ready/busy status can be detem^ii i 
by selecting the device and polling the DO pin. 

Page Write 

Assume WEN has been issued. The host will then take CS 
high, and begin clocking In the start bit, write command 
and 8-bit address immediately followed by the first 1 6-bit 
word of data to be written. The host can then continue 
clocking in 16-bit words of data with each word being 
written to the next higher address. Internally the address 
pointer is incremented after receiving each group of 
sixteen clocks; however, once the address counter 
reaches xxx x1 11 it will roll over to xx xOGG with the next 
clock. After the last bit is clQcked In no internal writs 
operaftiM «Rftt)io«eur until CSH^Mxight kwv. 



Upon receiving an ERASE command and address, the 
CS (Chip Select) pin must be deselected for a minimum 
of 250ns (tcsMiN). The falling edge of CS will start the auto 
erase cycle of the selected memory location. The ready/ 
busy status can be detemiined by selecting the dsvk» 
and polling the DO pin. Once cleared, the eoMent of a 
dewed locaUon Ts/bmm la « hsiji^ "1" state. 
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Erase/Write Enable and DislMi 

The memory powers up in the Wrtte disable state. Any 

writing after power-up or after an EWDS (write disable) 
instruction must first be preceded by tfie EWEN (write 
enable) instruction. Once the write instruction is enabled, 
it will remain enabled until powerto the device is removed, 
or the EWDS instruction is sent . The EWDS instruction 
can be used to disable all 839424 write and clear instruc- 
tions, and will prevent any accidental writing or clearing of 
4ie device. Deia can be read nortnally from the device 
fibpuiHess of the write enabM^tHe ^tus. 



Write All 

Upon receiving a WRAL command and data, the CS (Chip 

Select) pin must be deselected for a minimum of 250ns 
(tcsMiN). The falling edge of CS will start the self clocking 
data write to all memory locations in the device. The 
clocking of the SK pin is not necessary after the device has 
entered the self clocking mode. The ready/busy status of 
the S39424 can be determined by selecting the device 
and polling the DO pin. It is not necessary for all memory 
locations to be cleared before the WIHAL commsnd is , 
^ecuted. 
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Data Download Mode 

The Data Download mode Is an alternative method of 

accessing the E^PROM memory. Use of this mode allows 
downloading the entire contents of the memory without 
entering any commands. The DD mode is enabled after a 
low to high transition on the DD pin, while continuing to 
assert DD (this includes powering up the device with DD 
tied high). Also, as a condition to enter this mode, the 
device must not be in a state of reset. Once in Data 
Download mode, ttie device will wait until Chip Select is 



driven active. At this point, the device will output a dummy 
'0' followed by the contents of location 0000. As long as 
the SK line is toggled the 839424 will continue to output 
the contents of sequential address locations. In this 
manner, the configuration data that is loaded into an 
interface device can be accessed in a simple manner 
without requiring the logic of the Interface chip to generate 
the complex signals needed for the microwlre interfapa. 
Data Download mode is exited upon Iheiret hl|^ ts IlM 
transition of the Chip Selsct input 
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FIGURE 11. DATA DOWNLOADER SEQUENCE OF OPERATION 
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Data Download Control 

There are a number of ways to implement the data 
download mode of operation. For applications that do not 
require use of this feature, simply ground the DD pin and 
^teiable the funptkm attogettier. 
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Preliminary 

In Figure 13, DD is tied to Vcc through a pull-up resistor. 
This will allow only a single download after power on. The 
actual download function would not be enabled until 
tpuRST had expired and CS was brought high. As soon as 

CS is deselected the DD mode will be disabled. The 
primary disadvantage to this method is the lack of a reload 
after brownout. The DD mode may or may not be initiated 
depending on how low the power is cycled. 
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RGURE 14. ASIC CONTROL 



In Figure 1 4, the S39424 DD mode is 1 00% underthe control of the add-in board's ASIC. The pull-down resistors insure 
CS and DD do not float while the ASIC is in a reset state or shortly thereafter, which may lead to spurious activity on 
CS and DD, possibly indicating a false DD request. 
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FKSURE 15. DCnniljQAI) ENftBLED IN CONJUNCTION WITH RESET MUiiE 



Figure 1 5 is a good implementation to use whenever there is a requirement to download data from the memory after 
any reset cycle. This provides control of the DD input function after power-on, brown-out or a system induced reset 
condition. In this way the data download function is ready under any circumstance an ASIC or MCU might need to 
reload iciitialiiaiiQii ^rta. 




FIGURE 16. DD CIRCUIT 4 tlMING SEQUENCE DIAGRAM 
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Slew Rate Control 

The nominal slew rate for the VGATE3 and VGATE5 
outputs Is set at a default value of 250V per second, which 
conforms to a number of standards including that for 
Compact PCI. This slew rate helps limit current spike 
transients as the bypass capacitors of the add-in card are 
charged. The conditions for the default slew rate are: 
■SLEW input is grounded; and the Cvgate capacitance Is 
less than or equal to O.OS^^F. 

The ^mf iide eim be extended (made slower) by adding 
capa^Nance to ttie V@ATE outputs. In this case it should 
be assumed the Islew input is grounded. The VGATE 
outputs can drive up to 20|jA typically, so the slew rate may 
be calculated as 20|iA t Cvgate (not fficceecflng 250V/s). 
Refer to Graph 1 shown below. 
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The slew rate can be increased (rasi^ faster) by iryectinf 
current into the ISLEW Input One quarter of the 
injected into ISLEW will be min-ored out ^ tfiie VGATE 
drivers. The resulting slew rate may be caicUtiated as 
Islew t 4xCvgate (not less than 250V/s). Example slew 
rates are plotted to illustrate the effects of capacitance on 
the VGATE output in Graph 2. The reason for the flat 
portion of the graph is that the internal slew rate control 
operates in parallel to add as much as 20^A (typteaify) to 
help keep the SR at 250V/s. 
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Note that the ISLEW input Is simply a diode-connected 
MOSFET. As a consequence, its l-V characterlstte is 
temperature dependent. 
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®TI@N 2 Precision Reset Controllers With a PC Nonvolatile Memory 

S24022 Dual Reset l/Os (Active High and Low) and 2K Memory.............. „.......,..„,.,., 



^4(^3 Single Reset I/O (Active Low) and 2K Memory .„ ..„....,.„»„.....^. t-# 

524042 md¥immmii/im»t^ 2-IS 

524043 Sngte FkMet tii©(AelfHeyii!(^ 2-15 

S24162 Single Resrt I/O (Acftw i^) mi immam 2-g7 

^4163 Single Reset 1^ (Active Low) and 16K Memory 2-27 



2-1 



2-Z 



IflSUMMIT 

L I MICROELECTRONICS, IllC, 



S24022/S24023 



Precision RESET Con troller an d 2K I^C Memory 
With Both RESET and RESET Outputs 



3 £ind 5 Volt Systems 



FEATURES 

• Precision Suppiy Voitage iMonitor 

— Dual reset outputs for complex 
mierg«antrell«r systems 

•^WmS^BKIfimmorY write loclRHit 

• Guaranteed RESET (Hbsti} assertion 
toVcc=1V 

• Power-Fail Accuracy Guaranteed 

• No External Components 

• 3 and 5 Volt system versions 

• Low Power CMOS 

— Active current less than 3mA 

— Standby current less tlian 25^ 

— Two wire Serial Interface (1%^") 

- Bidirectional data transfer protocol 

- Standard lOOKHz and Fast 400KHz 



* Higli Reliability ^ 

— Endurance: 1,000,000 eraselwrlte cycles < 

— Data retention: 100 years 

• 8-Pin PDIP or SOIC Packages 
OVERVIEW 

The 824022 and 824023 are power supervisory devices 
with 2,048 bits of serial E^PROM. They are fabricated 
mJMIMTt l#MPei!l$iOi E^PROM technol!^ 
md are st^abis fw bofh 3«n6 s vk systems. 

The memory is internally organized as 256 x 8. It features 
the 1^0 serial Interface and software protocol allowing 
operation on a ^mplb'IMi&wiiie ius. 

The 824022 provides a precision Vcc sense circuit and 
two op en drain o utputs: one (RESET) drives high and the, 
other (RESET) drives low wheneWiW ¥bc Wis 
Vtrip. The S24023 Is identical to the S24022 wittt tt» 
exception being RESET is not bonded out on pin 7. 
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PIN NAMES 



SDA 


Serial Data I/O 


SCL 


Serial Clock Input 


RESET a RESET 


Reset Output 


Vss 


Ground 






NC 





PIN DESCRIPTIONS 

Serial Clock (SCL) - The SCL input is used to clock data 
Into and out of the device. In the WRITE mode, data must 
remain stable wtijle SCL isHIGH. In the READ mode, data 
fel elodced out en the fiMig tifFC^ S^. 

Serial Data (SDA) - The SDA pin is a bidirectional pin 
used to transfer data into and out of the device. Data may 
change only when SCL is LOW, except START and STOP 
conditions. It is an open-drain output and may be wire- 
ORed with any riiHnlilir of o^aiHiatn dr ^erveasnsMor 
outputs. 

No Connects (NC) the no connect pins may be left 
floating or tied to ground. They cannot be l»i AKgK 



RESET- RESET" is an active low open drain output. It is 
driven low whenever Vcc is below Vtrip. RESET is also 
an input and can be used to debounce a switch input or 
perform signal conditioning. The RESET pin does have 
an internal pull-up and should be left unconnected if the 
signal is not used in the system, l-lowever, when the pin 
is tied to a system RESET line an mmm^fpA^si^mii^ 
should be employed. 

RESET - RESET is an active high open drain output. It is 
driven high whenever Vcc is below Vtrip. RESET is also 
an input and can be used to debounce a switch input or 
perform signal conditioning. The RESET pin does have 
an internal pull-down and should be left unconnected if 
the signal is not used in the system. However, when the 
pin is tied to a system reset line an extemal pull-down 
resistor ^wuld be employed. 

ENlllMtMKS ANB DATA RETENTIOM 

The S24022/23 is designed for applications requiring 
1 ,000,000 erase/write cycles and unlimited read cycles. 
It provides 100 years of secure data retention, with or 
without power applied, after the execution of 1 ,000,000 
erase/write cyd^. 

mmmmm ' ' , 7, 

Reset Controller Description 

The S24022/23 provides a precision RESET controller 
that ensures correct system operation during brown-out 
and power-up/-down conditions. It is configured with two 
open drain RESET outputs; pin 7 is an active high output 
and pin 2 is an active low output. 

During power-up, the RESET outputs rermMn atMNB until 
Vcc reaches the Vtrip threshold and will eorrttme driving 
the outputs for approximately 200ms after reaching 
Vtrip. The RESET outputs will be valid so long as Vcc is 
> 1.0V. During power-down, the RESET outputs wiU 
begin driving active when Vcc falls below Vtrip. 

The RESET pins are IA3s; tiierefore, the ^4022/23 can 
act as a signal conditioning circuit for an externally 
applied reset. The Inputs are edge triggered; that is, the 
RESET input will initiate a reset timeout after detecting a 
low to high transition and the RESET input will initiate a 
reset timeout after detecting a high to low transition . Refer 
to the applications Information section for more details on 
device op@«BQn e@ sulMinHIMMi ^tigutt. 
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HGURE 3. ACKNOWLEDGE RESPONSE I 



CHARACTERISTICS OF THE 1% BUS 
General Description 

The 1^ bus was designed for two-way, two-line serial 

communication between different integrated circuits. The 
two lines are: a serial data line (SDA), and a serial clock 
line (SCL). The SDA line must be connected to a positive 
supply by a pull-up resistor, located somewhere on the 
bus (See Figure 1). Data transfer between devices may 
be initiated with a START condition only when SCL and 
SDA are HIGH (bus is not busy). 

Input Data Protocol 

One data bit is transferred during each clock pulse. The 
data on the SDA line must remain stable during clock 
HIGH time, because changes on the data line while SCL 
Is HIGH will be interpr^ed as Start or stop condition, refer 

to Figure 10. 

START and STOP Conditions 

When both the data and clock lines are HIGH, the bus is 
said to be not busy. A HIGH-to-LOW transition on the data 
line, while the clock is HIGH, is defined as the "START" 
condition. A LOW-to-HIGH transition on the cteita line, 
while the clock is HIGH, iS^WfteisSBtte'^iraP' condi- 
tion (See Figure 2). 

IpWiCE OPERATION 

The S24022/23 is a 2,048-bit serial E^PROM. The device 
supports the I^C bidirectional data transmission protocol. 
The protocol defines any device that sends data onto the 
bus as a "transmitter" and any device which receives data 
as a "receiver." The device controlling data transmission 
is called the "master" and the controlled device is called 
the "slave." In all cases, the S24022/23 will be a "slave" 
device, since It never initiates any data transfers. 



Acknowledge (ACK) 

Acloiowledge is a software convention us^ to indicate 
successful data transfers. The transmitting device, either 
the master or the slave, will release the bus after transmit- 
ting eight bits. During the ninth clock cycle, the receiver 
will pull the SDA line LOW to ACKnowledge that it re- 
ceived the eight bits of data (See ^ure 3). 

The S24022/23 will respond with an ACtCnowledge after 
recognition of a START condition and its Slave address 
byte. If both the device and a write operation are selected, 
the S24022/23 will respond with an ACKnowledge after 
the receipt of each subsequent 8^ woixl. 

In the READ mode, the S24022/23 transmHs^^t bits of 
data, then releases the SDA line, and monitors the line for 

an ACKnowledge signal. If an ACKnowledge is detected, 
and no STOP condition is generated by the master, the 
S24022/23 will continue to transmit data. If an 
ACKnowledge is not detected, the S24022/23 will termi- 
nate further data transmissions and awaits a STOP condi- 
tion before returning to the standby power mode. 

Device Addressing 

Following a start condition the master must output the 
address of the slave it is accessing. The most significant 
four bits of the slave address are the device type identifier 
(see figure 4). For the S24022/23 this Is fixed as 1 01 0[B]. 

The next three bits are don't care. 



'ieirf'CARE 



— I 1 r r T r r 

10 1 X X X rm 
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FIGURE 4. SLAVE ADDRESS BYTE 
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Read/Write Bit 

The last bit of the data stream defines the operation to be 
performed. When set to "1 ," a read operation is selected; 
when set to "0," a write operation is selected. 

Wmm OPERAlfDNS 

The S24022/23 allows two types of write operations: byte 
write and page write. The byte write operation writes a 
single byte during the nonvolatile write period (Iwr). The 
page write operation allows up to 16 tiytes in tiW^MI 
page to be written during twR- 

Byte WRITE 

After the slave address is sent (to identify the slave 
device, and a read or write operation), a second byte Is 
transmitted which contains the 8 bit address of any one of 
the 256 words In the array. 

Upon receipt of the word address, the S24022/23 re- 
sponds with an ACKnowledge. After receiving the next 
byte of data, it again responds with an ACKnowledge. The 
master then terminates the transfer by generating a 
STOP condition, at which time the S24022/23 begins the 
internal write cycle. 



While the internal write cycle is in progress, the S24022/ 
23 inputs are disabled, and the device will not respond to 
any requests from the master. Refer to Figure 5 for the 
address, ACKnowledge and data transfer sequm^e. 

Page WRITE 

The S24022/23 is capable of a 1 6-byte page write opera- 
tion. It is initiated in the same manner as the byte-write 
operation, but instead of terminating the write cycle after 
the first data word, the master can transmit up to 1 5 more 
bj/tes of data. After the receipt of each byte, the S24022/ 
^wil raepiind wtth an A@t^W»li^ 

The S24022/23 automatically increments the address for 
subsequent data words. After the receipt of each word, 
the low order address bits are internally incremented by 
one. The high order bits of the address byte remain 
constant. Should the master transmit more than 16 bytes, 
prior to generating the STOP condition, the address 
counter will "roll over," and the previously written data will 
be ovenvritten. As with the byte-write operation, all inputs 
are disabled during the internal write cycle. Refer to 
Fi g u re 5 f or the address, ACKnowledge and data transfer 
sequence. 
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FIGURE 5. PAGE/BYTE WRITE MODE 
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Acknowledge Polling 

When the S24022/23 is performing an internal WRITE 
operation, it will ignore any new START conditions. Since 
Die device will only return an acknowledge after it accepts 
the START, the part can be continuously queried until an 
acknowledge Is issued, indicating that the internal WRITE 
cycle is complete. 

To poll the devif^e, gjye it a ^^yi^ ogiiiJjQn, followed by 
a fkm aMnm for a WMn'S-ipeMiiliiiipse Figure 6). 
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FIGURE 6. ACKNOWLEDGE POLLING 



READ OPERATIONS 

Read operat^cs are inigft^d with the R/W bit of the 

identification #ii8^l@^"^^llMMat«^^^ 

options: 

1 . Current Address Byte Read 

2. Random Address Byte Read 

3. Cun'ent Address Sequential Read 

4. Random Address SequentttI fltt^ 

Current Address Byte Read 

The S24022/23 contains an internal address counter 
which maintains the address of the last word accessed, 
incremented by one. If the last address accessed (either 
a read or write) was to address location n, the next read 
operation would access data from address location n+1 
and increment the cun-ent address p(0im. Wmn the 
S24022/23 receives the slave address field with the Fi/W 
bit set to "1 ," it issues an acknowledge and transmits the 
8-bit word stored at address location n+1 . 

The current address byte read operation only accesses a 
single byte of data. The master does not aiMMiiklge the 
transfer, but does generate a stop conditton, Mlhis point, 
the S24022/23 discontinues data transraMon. See Fig- 
ure 7 for the address adoiiMiiifp and data transfer 
sequence. 



SOA Bus Activity 
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FIGURE 7. CURRENT ADDR^ BYTE READ MODE 



2010 lU. 10 1.1 



Random Aidress Byte Road 

Ramfim MdfiSS raad fSpeneMmWomi the master to 
access any memory location in a random fasliion. This 
operation Involves a two-step process. First, the master 

issues a write command which includes the start condi- 
tion and the slave address field (with the R/W bit set to 
WRITE) followed by the address of the word it is to read. 
This procedure sets the internal address counter of the 
^4022^3 to the destr ed adctoss. 



After the word address acknowledge is received by the 
master, the master Immediately reissues a start condition 
followed by another slave address field with the R/W bit 
set to READ. The S24022/23 will respond with an ac- 
knowledge and then transmit the 8-data bits stored at the 
addressed location. At this point, the master does not 
acknowledge the transmission but does generate the stop 
condition. The S24022/23 discontinues data transmis- 
sion and reverts to its standby power mode. See Figure 8 
for the address, acknowledge and data transfer se- 
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FIGURE 8. RANDOM ADDRESS BYTE READ MODE 
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Sequential READ 

Sequential READs can be initiated as either a current 
address READ or random access READ. The first word is 
transmitted as with the other byte read modes (current 
address liii^ or random address byte READ); 

howeverj lhenHffilitFnaw responds with an ACKnowledge, 
indicating that it requires additional data from the 
S24022/23. The S24022/23 continues to output data for 
each ACKnowledge received. The master terminates the 
sequential READ operation by not responding with an 
ilMROiiKiPi and issues a STOP GQi«ifiiMm * 



During a sequential read operation, the internal address 
counter is automatically Incremented with each acl<nowl- 
edge signal. For read operations, all address bits are 
incremented, allowing the entire array to be read using a 
single read corrtmand. After a count of the last memory 
address, the address counter will 'roll-over* and the 
memory will continue to output data. See Figure 9 for the 
ad^iiilB, 9l^mm^00!^ m K $tU^ M!^^ sequsnce. 
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FIGURE 9. SEQUENTIAL READ OPERATION (Starting with a Random Address READ) 
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ABSOLUTE MAXIMUM RATINGS 



Temperature Under Bias -40°C to +85"'C 

Storage Temperature -65°C to +1 2S'C 

Soldering Temperature (less than 10 seconds) 300°C 

Supply Voltage to 6.5V 

Voltage on Any Pin -0.3V to Vcc+0.3V 

ESD Voltage (JEDEC method) 2,000V 



NOTE: These are STRESS ratings only. Appropriate conditions for operating these devices are given elsewhere in this specification. StUMlSiiii 
beyond those listed here may pennanently damage the part. Prolonged exposure to maximum ratings may affect device reliability. 

RECOMMENDED OPERATING CONDITIONS 



Tmitiaratttia 


Wm 




Commercial 


O'C 


+70°C 


industrial 


-40-C 


+85 C 
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DC ELECTRICAL CHARACTERISTICS (over recommended operating conditions unless othenwise specified) 



Symbol 


Parameter 


Conditions 


Mhi 


Max 


Units 


Ice 


Supply Current (CMOS) 


SCL = CMOS Levels @ lOOKHz 
SDA = Open 

All other inputs = GND or Vcc 


Vcc=5.5V 




3 


mA 


Vcc =3.3V 




2 


mA 


ISB 


Standby Current (CIWIOS) 


SCL = SDA = Vcc 
All other inputs = GND 


Vcc=5.5V 




50 


UA 


Vce=#av 




25 


HA 


Ili 


Input Leakage 


ViN = To Vcc 




10 


jiA 


Ilo 


Output Leakage 


VouT = To Vcc 




10 




ViL 


Input Low Voltage 


SO. 81, 82, SCL. SDA, RESET 




O.SxVcc 


V 


VlH 


Input High Voltage 


SO, S1,S2, SCL, SDA 


0.7xVcc 




V 


Vol 


Output Low Voltage 


IOL = 3mA SDA 




0.4 


V 
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AC ELECTRICAL CHARACTERISTICS 



(over recommendcKl operating conditions unless otiierwise specified) 


2.7V to 4.5V 


4.5V to 5.5V 




Symbol 


Parameter 


CondlQeiis 


Min 


Max 


MIn 


Max 


Units 


fsCL 


SCL Clock Frequerx^y 







100 




400 


KHz 


tU3W 


dock tow Period 




4.7 




1.3 




US 


tHIGH 


Cloetc M^i Pelted 




4.0 




0.6 




US 


tBUF 


Bus Free Time 


Baiore New Tiansmlssien 


4.7 




1.3 




\1S 


tSU:STA 


Start Condition Setup Time 




4.7 




0.6 




us 


tHD:STA 


Start Condition HoM Time 




4.0 




0.6 




US 


tSU:STO 


Stop Condition Setup Time 




4.7 




0.6 




US 


tAA 


Clock to Output 


SCL Low to SDA Data Out Valid 


0.3 


3.5 


0.2 


0.9 


US 


tDH 


Data Out Hold Tkne 


SCL Low to SDA Data Out Change 


0.3 




0.2 




US 


tR 


and ^A Rise Time 






1000 




300 


ns 


tF 


SCL and SDA Fall Time 






300 




300 


ns 


tSU:DAT 


Data In Setup Time 




250 




100 




ns 


tHD:DAT 


Data In Hotel Time 














ns 


Tl 


Noise Spike Width 
@ SCL, SDA inputs 


Noise Suppresskm T^s Constant 




100 




100 


ns 


tWR 


Write Cycle Time 






10 




10 


ms 



^if^^^^^^^ ^ ^ ^ aOlOPGMTg 1.0 
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CAPACITANCE 

Ta = 25 C, f = lOOKHz 



Symbol 


Parameter 


Max 


Units 


Cm . 


Input Capacitance 


S 


PF 


CoUT 


Output Capacitance 


8 
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RESET CIRCUIT AC and DC ELECTRICAL CHARACTERISTICS 



Ta = -40°C to +8S*C 




S24022/2a-A 


S24022/23-B 




Symbol 




MIn 


Max 


MIn 


Max 


MIn 


Max 


Unit 


Vtrip 


Reset Trip Point 


2.55 


2.7 


4.25 


4.5 


4.5 


4.75 


V 


tPURST 


Power-Up Reset Timeout 


130 


270 


130 


270 


130 


270 


ms 


tRPD 


Vtrip to RESET Output Delay 




5 




5 




5 


US 


Vrvalid 


RESET Output Valid 


1 




1 




1 


V 




IGUTCH 


Glitch Reject Pulse Width 




30 




30 




30 


ns 


VOLRS 


WSSroaHfitit im^/^l^im iftF t(!«Ai 




0.4 




0.4 




0.4 


V 


VOHRS 


RESET Output High ViDHt^ll iipH»80p|A 


VGG-.7S 




VCG-.75 




VC0-.75 




V 
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124022/S24Q2a 



+ 



> 



Frequently the riset Gontroller will be deployed on a PC board that provides a peripheral function to a systiBni, 
Examples might be rnedsm dr network cards in a PC or a PCMCIA card in a laptop. In instances like#itelte peipl«sM!! 
card may have a requirement for a clean reset function to Insure proper operation. The system may or may not provide 
a reset pulse of sufficient duration to clear the peripheral or to protect data stored in a nonvolatile memory. 

The I/O capability of the RESET pins can provide a solution. The system's reset signal to the peripheral can be fed 
into the S24022/23 and It in tum can clean up the signal and provide a known entity to the peripheral's circuits. The 
figure beknv shows tfie basic Uming characteristics under the assumption the reset input is shorter in duration than 
tpuRsr- The swm reset output affect can I9e £Mained by using Vne active h^h reset input. 



RESET 
input 
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When planning your resistor pull-up and pulNioiwn wautids, use tmfoildwMnig ^aitloMp^^^ min. resistances. 

I " ; "t 

Worst Case RESET SlnkASource Capabilities at Various Vcc Levels 



Parameter 


Symbol 


Condition 




TVD 




UnHS 




Vol 


Vcc = 1.0V, Iol=100|jA 






0.3 


V 


RESET Output 
Voltage 


Vcc = 1.2V, Iol=100mA 






0.3 


V 


Vcc = 3.0V, loL=500nA 






0.3 


V 


Vcc = 3.6V, Iol=500mA 






0.3 


V 


Vcc = 4.5V, Iol=750mA 






0.3 


V 




Vol 


Vcc = 1.0V, loL=100nA 






0.4 


V 


RESET Output 
Voltage 


Vcc= 1.2V, loL=150tiA 






0.4 


V 


Vcc = 3.0V, loL=750|iA 






0.4 


V 


Vcc = 3.6V, l0L=1mA 






0.4 


V 


Vcc = 4.5V, loL=1mA 






0.4 


V 


RESET Output 
Voltage 


VOH 


Vcc = 1.0V, lon=400nA 


Vcc-0.75 






V 


Vcc = 1.2V, 1oh=800hA 


Vcc-0.75 






V 


Vcc = 3.0V, loH=800nA 


Vcc-0.5 






V 


Vcc = 3.6V, Ioh=800mA 


Vcc-0.5 






V 


Vcc = 4.5V, loH=800nA 


Vcc-0.5 






V 



zmp@MT5i.a 
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{SUMMIT 



S24042/S24043 



Precision RESET Con troller an d 4K I^C Memety 
With Both RESET and RESET Outputs 



3 and 5 Volt Systems 



^TURES 

• Precision Supply Voltage Monitor 

— Diml reset outputs for complex 
microcontroller systems 

— Integrated memory write lockout 

• Guaranteed RESET (Miist i) amertlon 
toVcc=1V 

• Power-Fail Accuracy Guaranteed 

• No External Components 

• 3 and 5 Volt system verstoiw 

• Low Power CMOS 

^ Active current less than 3mA 

— Standby current less than 25pA 

• Memory Internally Organized S12 X 8 

— Two Wire Serial Interface (i^C^") 

- Bidirectional data transfer protocol 

- Standard lOOKHz and Fa«: 



• High Reliability 

— Endurance: 1,000,000 erase/Write cycles 

— Data retention: 100 years 

• 8-Pin PDIP or SOIC Packages 
OVERVIEW 

Tl^e S24042 and S24043 are power supervisory devices 
4,096 bits of serial E^PROM. They are fabricated 
using SUMMITS advanced CMOS E^PROM technolO|p 
and are suitable for both 3 and 5 volt systems. 

The memory is internally organized as 51 2 x 8. It features 
the I^C serial interface and software protocol allowing 
operation on a simple tiUKHMiise bus. 

The S24042 provides a precision Vcc sense circuit arKi 
two open drain outputs: one (RESET) drives high and the 
other (RESET) drives low whenever Vcc falls below 
Vtrip. The S24043 is identical to the S24042 with the 
exception being RESET is not bonded out on pin 7. 
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Characteristics subject to change without notice 



S24042/S24043 



mn CONRGURATIONS 





NC [T 
RESET \2 


8]Vcc 

1042 

7] RESET 


NC [3 
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PIN NAMES 



SDA 


Data I/O 


SCL 


Serial Clock Input 


RESET & RESET 


Reset Output 


Vss 


Ground 


Vcc 


Supply Voltage 


NC 


No Connect 



PIN DESCRIPTIONS 

Serial Clock (SCL) - The SCL Input is used to clock data 
into and out ^tl^ device. In the WRITE rTKxie, ,#^ mt^t 
ren(iainstabte»wHifeSCLlisHIGH. lnthenEADiTt6de,(fetta 
is clocked out on the falling edge of SCL. 

Serial Data (SDA) - The SDA pin is a bidirectional pin 
used to transfer data into and out of the device. Data may 
change only vj^hien SCL is LOW, except START and STOP 
conditions, l is an open-diain output and may be wire- 
ORed wM) any MmNr of aperwlrain or opeiHSiritBGlor 
outputs. 

No Connects (NC) the no connect pins may be left 
floating or tied to ground. They cannot be tied high. 



RESET"- RESET is an active low open d rainoutp ut. It is 
driven low whenever Vcc is below Vtrip. RESETis also 
an input and can be used to deb ounce a s witch input or 

perform signal conditioning. The RESETpin does have 
an internal pull-up and should be left unconnected if the 
signal is not used in the system. However, when the pin 
is tied to a system RESET line an external puil-up resistor 
shoukj be enrtpk^fW ' ' 

RESET - RESET is an active high open drain output. It is 
driven high whenever Vcc is below Vtrip. RESET is also 
an input and can be used to debounce a switch input or 
perform signal conditioning. The RESET pin does have 
an internal pull-down and should be left unconnected if 
the signal is not used in the system. However, when the 
pin is tied to a system reset line an external pull-down 
resistor should b0 erqployed. 



ENDURANCE AND DATA RETENTION 

The S24042/43 is designed for applications requiring 
1 ,000,000 erase/write cycles and unlimited read cycles. 
It provides 100 years of secure data relenUon, with or 
without power ap!^)^sim Mmwm&!^ of 1,000,000 
erase/write cycles. 

APPLICATIONS 

Reset Controller Description 

The S24042/43 provides a precision RESET controller 
that ensures correct system operation during brown-out 
and power-up/-down conditions. It is configured with two 
open drain RESET outputs; pin 7 is an active high oi#UI 
aMI-friift ^%ii#a(9Hve low output. 

During power-up, the RESET outputs remain active until 
Vcc reaches the Vtrip threshold and will continue driving 
the outputs for approximately 200ms after reaching 
VjRip. The RESET outputs will be valid so long as Vex: is 
> 1 .OV. During power-down, the RESET outputs will 
begin driving active when Vcc falls below Vtrip. 

The RESET pins are l/Os; therefore, the S24042/43 can 
act as a signal conditioning circuit for an externally 
applied reset. The inputs are edge triggered; that is, the 
RESET input will initiate a reset timeout after detecting a 
low to high transition and the RESET iriput will initiate a 
reset timeout after detectingahigh to loWwat^on. Refer 
to tfie Implications Information section for more <iillsll$on 
device operation as a reset conditioning circuit. 
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FIGURE 1. TYPICAL SYSTEM CONFIGURATION FOR DUAL RESET 
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CHARACTERISTICS OF THE I^C BUS 
General Owtcription 

The ^ to was designed for two-way, two-line serial 
comtnunioaiiri between different integrated circuits. The 
two lines are: a serial data line (SDA), and a serial clock 
line (SCL). The SDA line must be connected to a positive 
supply by a pull-up resistor, located somewhere on the 
bus (See Figure 1). Data transfer between devices may 
be initiated with a START condition only when SCL and 
SDA are HIGH (bus is not busy). 

Input Data Protocol 

One data bit is transferred during each clock pulse. The 
data on the SDA line must remain stable during clock 
HIGH time, because changes on the data line while SOL 
is HIGH will be interpreted as start or stop condition, refer 
to Figure 10. 

START and STOP Conditions 

When both the data and clock lines are HIGH, the bus is 
said to be not busy. A HIGH-to-LOW transition on the data 
line, while the clock is HIGH, is defined as the "START" 
condition. A LOW-to-HIGH transition on the data line, 
while the clock is HIGH, is defined as V^mfW&P'mm^- 
tion (See Figure 2). 

DEVICE OPERATION 

The S2404^lsa4,096-bit serial E^PROIVI. The device 
supports the 1% bidirectional data transmission protocol. 
The protocol defines any device that sends data onto the 
bus as a "transmitter" and any device which receives data 
as a "receiver." The device controlling data transmission 
is called the "master" and the controlled device is called 
the "slave." In all cases, the S24042/43 will be a "slave" 
device, since it never initiates any data transfers. 



Acknowledge (ACK) 

Acknowledge is a software convention used to indicate 
successful data transfers. The transmitting device, either 
the master or the slave, will release the buszMertransmit- 
ting eight bits. During the ninth clock cycle, the receiver 
will pull the SDA line LOW to ACKnowledge that It re- 
ceived the eight bits of data (See Figure 3). 

The S24042/43 will respond with an ACKnowledge after 
recognition of a START condition and KB sitave address 
byte. If both the device and a write operation are selected, 
the 824042/43 will respond with an ACKnowledge after 

the receipt of each subsequent 8-bit word. 

In the READ mode, the S24042/43 transmits eight bits of 
data, then releases the SDA line, and monMsrs tte line for 
an ACKnowledge signal. If an ACKnowledge is detected, 
and no STOP condition is generated by the master, the 
S24042/43 will continue to transmit data. If an 
ACKnowledge is not detected, the S24042/43 will temrii- 
nate further data transmissions and awaits a STOP condi^ 
tion before returning to the standby power mode. 

Device Addressing 

Following a start condition the master must output the 
address of the slave it is accessing. The most significant 
four bits of the slave address are the device type identifier 
(see figure 4). For the S24042/43 this is fixed as 1 01 0[B]. 

The neoA two bits are don't care. The next bit is the high 
oriir bit A8. 
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FIGURE 4. SLAVE ADDRESS BYTE 
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Read/Write Bit 

The last bit of the data stream defines the operation to be 
performed. When set to "1 ," a read operation is selected; 
when set to "O," a wrtte operation Is sheeted, 

WRITE OPERATIONS 

The S24042/43 allows two types of write operations: byte 
write and page write. The byte write operation writes a 
single byte during the nonvolatile write period (twR). The 
page write operation allows up to 16 bytes in the same 
page to be written during twR- 

Byte WRITE 

Upon receipt of the slave address and word address, the 
S24042/43 responds with an ACKnowledge. After receiv- 
ing the next byte of data, it again responds with an 
ACKnowledge. The master thwi terminates the transfer 
by generatin§ a STO# emMm <#iM ipe "pajft 
^4042/43 begins the Internal wrile^|0ii|. 



While the internal write cycle is in progress, the S24042/ 
43 inputs are disabled, and the device will not respond to 
any requests from the mast(9r. Refer to Figure 5 for the 
address, ACKnowledge ani^Mt mft^sec^U^ie. 

Page WRITE 

The S24042/43 is capable of a 1 6-byte page write opera- 
tion. It is initiated in the same manner as the byte-write 
operation, but instead of terminating the write cycle after 
the first data word, itie ina^WIMFKSinRtipto IVfMi 
^(es ei data. After the receipt of each byte, the SMW^ 
43 wtn respond with an ACKnowledge. 

The S24042/43 automatically increments the address for 
subsequent data words. After the receipt of each word, 
ttie lew order address bits are Intemally inoremeMed ^ 
one. The high order five bits of the aiddit^ byte ema^ : 
constant. Should the master transmit monrthan 1 t bytos, 
prior to generating the STOP condition, the address 
counter will "roll over," and the previously written data will 
be overwritten. As with the byte-write operation, all inputs 
are disabled during the internal write cycle. Refer to 
Figure 5 for the address, ACKnowledge and data tmi^^ 
sequence. 
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Acknowledge Polling 

When the S24042/43 is performing an internal WRITE 
operation , it will ignore any new START conditions. Since 
the device will only return an acknowledge after It accepts 
the START, the part can be continuously queried until an 
acknowledge is issued, indicating that the irrtemal WRITE 
cycle is complete. 

To poll the device, give it a START condition, followed by 
miiem^ aOdUeeaim a WUKt^mmMS m ^ '(See Figure 6). 



Internal WRITE Cycle 
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.BggkiACKPeWng 




iMuaSIsp 



JYes (Internal WRITE Cycle la completed) 
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I 
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WRTTE 
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FIGURE 6. ACKNOWLEDGE POLLING 



READ OPERATIONS 

Read operations are initiated with the R/W bit of the 
identif ic£#iniWM^'^f'<li^^ different read 
options: 

1. Current Address Byte Read 

2. Random Address Byte Read 

3. Current Address Sequential Read 

4. Random Address Seiquential ftead 

Current Address Byte Read 

The S24042/43 contains an internal address counter 
which maintains the address of the last word accessed, 
incremented by one. If the last address accessed (either 
a read or write) was to address location n, the next read 
operation would access data from address location n+1 
and increment the current address pointer. When the 
S24042/43 receives the slave address field with the R/W 
bit set to "1 ,' it issues an acknowledge and transmits the 
8-bit word stored at address location n+1 . 

The current address byte read operation only accesses a 
single byte of data. The master does not acknowledge the 
transfer, but does generate a stop condition. At this point, 
the S24042/43 discontinues data transmission. See Fig- 
ure 7 for the sickb«ss aeknenriadge and data tmeHgr 
sequence. 
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FIGURE 7. CURRENT ADDRESS BYTE READ MODE 
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Random Address Byte Read 

Random address read operations allow the master to 
access any memory location in a random fashion. This 
operation involves a two-step process. First, the master 
issues a write command which includes the start condi- 
tion and the slave address field (with the R/W bit set to 
WRITE) followed by the address of the word it is to read. 
This procedure sets the internal addlii|r>ii§0iMliH^Of the 
S24042/43 to the desired address. 



After the word address acknowledge is received by the 
master, the master immediately reissues a start condition 
followed by another slave address field with the R/W bit 
set to READ. The S24042/43 will respond with an ac- 
knowledge and then transmit the 8-data bits stored at the 
addressed location. At this point, the master does not 
acknowledge the transmission but does generate the stop 
condition. The S24042/43 discontinues data transmis- 
sion and reverts to its standby power mode. See Figure 8 
for the address, acknowledge and data transfer gar 
quence. 
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Sequential READ 

Sequential READs can be initiated as eitlier a current 
address READ or random access READ. The first word is 
transmitted as with the other byte read modes (current 
address byte READ or random address byte READ); 
however, the master now responds with an ACKnowledge, 
indicating that It requires additional data from the 
S24042/43. Tlie S24042/43 continues to output data for 
each ACKnowledge received. The master terminates the 
sequential READ operation not responding with an 
ACKnowledge, and issues a Miiim, 



During a sequential read operation, the internal address 
counter is automatically incremented with each acknowl- 
edge signal. For read operations, all address bits are 
incremented, allowing the entire array to be read using a 
single read command. After a count of the last memory 
address, the address counter will 'roll-over' and the 
memory will continue to output data. See Figure 9 for the 
tK^sm, iiGkii9«(ii»%»^ dartt'^!^^ sequence. 



Acknowledges from 24042/43 



Acknowle<%#iliilR< 
Master Receiver 



SDA Bus 
Af^vity 



^ X X * Word Address ^ 



Lack of 
Acknowledge from 
Master Receiver 




/ 





i|o i|o 


lalo 


s 

T 


Device 
Type 
Address 




A 




R 
T 


Read/Write 
0= Write 




Slave Acklress 




Master sends Read 
request to Slave 


Master Transmitter 

to 

Save Receiver 



I 




Master Writes Word 
Address to Slave 



Master Transmitter 
to 

Slave Receiver 



10 10 



Device 
Type 
Address 



Read/Write 
1= Read 



Slave Address 



Master Requests 
Data from Slave 



IVIaster Transmitter 
to 

Slave Receiver 



Slave sends 
Data to Master 



Slave Transmitter 
to 

Master R( 



Slave Transmitter 
to 

Master Receiver 



Slave Transmitter 
to 



Slave Transmitter 
to 



1 ° 


D! 


1 


0: 




dI d 


1 7 


6; 




* 




1| 



Lack ot ACK (\o\n) 
determines last 
data byte to tie read 



Slave sends 
Data to Master 



Steve Transmitter 



Master Transmitter 
to 

Slave Receiver 



Shading QieinQtes 




FIGURE 9. SEQUENTIAL READ OPERATION (starting with a Random Address READ) 
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ABSOLUTE MAXIMUM RATINGS 



Temperature Under Bias ,.,„.,,.«,„, ....4^.u,u,,u»,„>:.. -40°C to +85°C 

Storage Temperature ....„,.,»rt.,.. • -65°C to +125°C 

Soldering Temperature (H^ tiilf 10 seconds) 300°C 

Supply Voltage to 6.5V 

Voltage on Any Pin -O.SV to Vcc+0.3V 

ESD Voltage (JEDEC method) 2,000V 



NOTE: These ace Sfl^^ lalhigs oHyv Af0m^t^ conditions for operaflng these dcMces are given elsewhere in this^aeneaiieii. ^tmsm; 
beyond those liS»iiriWe'ffMy |)Mffi^ii^ ' " 
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DC ELECTRICAL CHARACTERISTICS (over recommended operating conditions unless ethenvise specified) 



Symtiol 




Conditions 


MIn 


Max 


Units 


ice 


Supply Current (CMOS) 


SOL = CMOS Levels @ tOOKHz 
SDA = Open 

All other Inputs = GND or Vcc 


Vcc=5.5V 




3 


mA 


Vcc=3.3V 




2 


mA 


ISB 


Standtiy Current (CMOS) 


SCL = SDA = Vcc 
All other inputs = GND 


Vcc=5.5V 




50 


yiA 


Vcc =3.3V 




25 


uA 


Ili 


Input Leakage 


Vi., = To Vcc 




10 


uA 


Ilo 


Output Leakage 


VouT = To Vcc 




10 


^lA 


ViL 


Input Low Voltage 


so, SI , S2, SOL, SDA, RESET 




0.3xVcc 
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0.7xVcc 




V 
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Output Low Voltage 
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AC ELECTRICAL CHARACTERISTICS 



(over recommended operating conditions unless othenwise specified) 


2.7V to 4.5V 


4.5V to 5.5V 




Symbol 


Parametar 


Conditions 


Min 


Max 


MIn 


Max 


Units 


fscL 


SCL Clock Frequency 







100 




400 


KHz 


tLOW 


Clock Low Period 




*.7 




1.3 




US 


fHIGH 


Clock High Period 




4.0 




0.6 




US 


tsUF 


Bus Free Time 


Before New Transmission 


4.7 




1.3 




US 


tSU.STA 


Start Condition Setup Time 




4.7 




0.6 




US 


tHD:STA 


Start Conditk3n Hold Time 




4.0 




0.6 




ps 


tSU:Sn5 


Stop Condition Setup Time 




4.7 




0.6 




ps 


tAA 


Clock to Output 


SCL Low to SDA Data Out Valid 


0.3 


3.5 


0.2 


0.9 


ps 


tDH 


Data Out Hold Time 








0.2 




ps 


tR 


SCL and SDA Rise Time 






1000 




300 


ns 


tF 


SCL and SDA Fall Time 






300 




300 


ns 


tSU DAT 


Data In Setup Time 




250 




100 




ns 


tHo-awr 


Data In Hold Time 














ns 


Ti 


Noise Spike Width 
e SCL, SDA Inputs 


Noise Suppressnn Time Constant 




100 




100 


ns 


tWR 


Write Cycle Time 






10 




10 


ms 
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CAPACITANCE 

TA = 25°C,f=100KHz 
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FIGURE 10. BUS TIMING 
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FIGURE 11. RESET OUTPUT TIMi{«G 



RESET CIRCUIT AC and DC ELECTRICAL CHARACTERISTICS 



Ta = -40°C to +85°C 


S24042/43-2.7 


S24042/43-A 


samaua-B 




Symbol 


Parameter 


MIn 


Max 


Min 


Max 


MIn 


Max 


Unit 


Vtrip 


Reset Trip Point 


2 55 


2.7 


4.25 


4.5 






V 


tPURST 


Power-Up Reset Timeout 


130 


270 


130 


270 


130 


270 


ms 


tRPD 


Vtrip to RESET Output Delay 




5 




5 




5 


US 


Vrvalid 




1 




1 




1 


V 




tGLITCH 


Glitch Reject Pulse Width 




30 




30 




30 


ns 


VOLRS 


RESET Output Low Voltage loL= 1mA 




0.4 




0.4 




0.4 


V 


VOHRS 


RESET Output High Voltage lOH = 800 |iA 


VCC-.75 




VCC-.75 




VCC-.75 




V 
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Frequently the twsM eonttoller will be deployed on a PC board that provides a peripheral function to a system. 
Examples might be mod@M or network cards in a PC or a PCMCIA card in a laptop. In instances lil<e this the peripheral 
card may have a requirement for a clean reset function to insure proper operation. The system may wmay not pfOwiliA 
a reset pulse of sufficient duration to clear the peripheral or to protect data stored in a nonvolatile memory. 

The I/O capability of the RESET pins can provide a solution. The system's reset signal to the peripheral can be fed 
into ttie S2404^43 and it in turn can clean up the signal and provide a known entity to the peripheral's circuits. The 
figure below shovMs tie ^mtHc timing characteristics under the assumption the reset input is shorter in duration than 
tpuRST. The same reset output affect can be attained by using the active high reset input. 
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When planning your resistor puH^p and pullndown values, ix^lKeMlotvIhg't^aR to help min. resistaia^il. 

Worst Case RESET Sink/Source Capabilities at Various Vcc Levels 



Parameter 


Symbol 


Condition 


Min 


TVP 


Max 


Units 




Vol 


Vcc = 1.0V, Iol=100mA 






0.3 


V 


RESET Output 
Voltage 


Vcc = 1.2V, loL=100nA 






0.3 


V 


Vcc = 3.0V, Iol=500mA 






0.3 


V 


Vcc = 3.6V, loL=500nA 






0.3 


V 


Vcc = 4.5V, loL=750nA 






0.3 


V 




Vol 


Vcc = 1.0V, Iol=100mA 






0.4 


V 


RESET Output 
Voltage 


Vcc = 1.2V, Iol=150hA 






0.4 


V 


Vcc = 3.0V, loL=750|aA 






0.4 


V 


Vcc = 3.6V, loL=1mA 






0.4 


V 


Vcc = 4.5V, loL=1mA 






0.4 


V 


RESET Output 
Voltage 


VOH 


Vcc = 1.0V, loH=400uA 


Vcc-0.75 






V 


Vcc = 1.2V, Ioh=800mA 


Vcc-0.75 






V 


Vcc = 3.0V, loH=800nA 


Vcc-0.5 






V 


Vcc = 3.6V, loH=800nA 


Vcc-0.5 






V 


Vcc = 4.5V. loH=800|iA 


Vcc-0.5 






V 
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I^SUMMIT 

L I MICROELECTRONICS, Inc. 



Precision RESET Controller with 16K I^C Memory 



S24162/S24163 



3 and 5 Volt Systems 



FEATURES 

• Precision Supply Voltage iVIonitor 

— 162 Active High) 
— 163 Active Low 

— Integrated memory write lockout 

• Guaranteed RESET (RESET) assertion 
tii¥ee=1V 

• Power-Fall Accuracy Guai inMail 

• No External Components 

• 3 and 5 Volt system versions 

• Low Power CMOS 

— Active current less than 3mA 

— Standby current less than 2S|jA 

• Memory Internally Organized 2k X 8 

— Two Wire Serial Interface (I^C™) 

- Bidirectional data transfer protocol 

- Standard lOOKHz and Fast 400KHz 



• High Reliability 

— Endurance: 1 ,000,000 eraseAmrlli eyd«R 

— Data retention: 100 years 

OVERVIEW 

The S24162/163 is a power supervisory device with 
16,384-bits of serial E^PROM. It is fabricated using 
SUMMIT'S advanced CMOS E^PROM technology and Is 
stftaUelor Mr f and S voft^f^scns. 

The 824162/163 is internally organized as 2,048 x 8. It 
features the I^C serial Interface and software protocol 
allowing operation on a simple tiwo-wire bus. 




© SUMMIT MICROELECtWCSMICSS. Ina tSM 
2014 1.2 5/3/98 
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PIN CONFIGURATIONS 
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switch input or perform signal conditioning. Ttie RESET 
pin does have an internal pull-up and should be left 
unconnected if the signal is not used i n the sy stem. 
However, when the pin is tied to a system HbSEl line an 
external pull-up resistor should be employed. 

RESET - RESET (S24162) is an active high open drain 
output. It is driven high whenever Vcc is below Vtrip. 
RESET is also an input and can be used to debounce a 
switch input or perform signal conditioning. The RESET 
pin does have an internal pull-down and should be left 
unconnected if the signal is not used in the system. 
However, wtien the pin is tied to a system reset line an 
external pull-down resistor should be employed. 



ENDURANCE AND DATA RETENTION 

The 8241 62/1 63 is designed for applications requiring up 
to 1,000,000 erase/write cycles and unlimited read 
cycles. It provides 1 00 years of secure data retention, with 
or without power applied, after the execution of 1 ,000,000 



PIN NAMES 



NC 


No Connect 


SDA 


Serial Data I/O 


SOL 


Serlai Clock Input 


(RESET) RKET 


Reset Output 


Vss 


Ground 


Vcc 


Supply Voltage 



The 824162/163 is ideal *9f applications requiring low 
voltage and low power consumption. This device provides 
microcontroller RESET control and can be manually 
resettable. This device also uses a cost effective, space- 
saving, 8-pin plastic package, SOIC and PDIP. T^yfiiii 
applications include alarm devices, electronic \oiim, 
meters, keys, pagers and cellular phones. 



PIN DESCRIPTIONS 

Serial Clock (SCL) - The SCL input is used to clock data 
into and out of the device. In the WRITE mode, data must 
remain stable while SCL is HIGH. In the READ mode, data 
^ ckx^d out on the fallMg ii^ t^SOL. 

Serial Data (SDA) - The SDA pin is a bidirectional pin 
used to transfer data into and out of the device. Data may 
change only when SCL is LOW, except START and STOP 
conditions. It is an open-drain output and may be wire- 
ORed with any number of open-diain or open-collector 
outputs. 

No Connects (NC) - The no connect inputs are unused by 
the S241 62/1 63; however, to insure proper operation they 
can be unconnected or tied to ground. They must not be 
tied to Vcc- 

RESET - RESET (S24163) is an active low open drain 
output. It is driven low whenever Vcc is below Vtrip. 
RESET is also an input and can be used to debounce a 



RESET CONTROLLER DESCRIPTION 

The device provides a precise reset output to a 
microcontroller and it's associated circuitry ensuring cor- 
rect system operation during power-up/down conditions 
and brownout situations. The output is open drain, allow- 
ing control of the reset function by multiple devices. 

During power-up the reset output remains in a fixed active 
state until Vcc passes through the reset threshold and 
remains above the threshold for 200ms. The reset output 
is valid whenever Vcc is equal to or greater than 1 V. If Vcc 
falls below the threshold for more than Iglitch the device 
wfil Nlimediately generate a reset and drive the output. 

The reset pin is an I/O; therefore, forcing the pin to the 
active state can also manually reset the device. Because 
the I/O needs to be an open drain, the internal timer can 
only be triggered by the leading edge of the input. The 
resulting reset output will either be tpuRsi, or the exter- 
nally applied reset signal, whichever is longer. This can 
provide an affective debounce or reset signal extender 
solutfep i... 
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FIGURE 1. TYPICAL SYSTEM CONFIGURATION 
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RGURE 3. START AND STOP CONDITIONS 
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FIGURE 4. ACKNOWLEDGE RESPONSE FROM RECEIVER 
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CHARACTEFHSTICS OF THE 1% BUS 

General Description 

The 1^0 bus was designed for two-way, two-line serial 
communication between different integrated circuits. The 
two lines are: a serial data line (SDA), and a serial clock 
line (SOL). The SDA nne must be connected to a positive 
supply by a pull-up resistor, located somewhere on the 
bus (See Figure 1). Data transfer between devices may 
be Initiated with a START condition only when SCL and 
SDA are HIGH (bus Is not busy). 

Input Data Protiaeot 

One data bit is transferred during each clock pulse. The 
data on the SDA line must remain stable during clock 
HIGH time, because changes on the data line while SCL 
is HIGH will be interpreted as start or stop condition (See 
FigurB2). - • 

START and STOP Conditions 

When both the data and clock lines are HIGH, the bus is 

said to be not busy. A HIGH-to-LOW transition on the data 
line, while the clock is HIGH, is defined as the "START' 
condition. A LOW-to-HIGH transition on the data line, 
while the clock is HIGH, is defined as the "STOP" condi- 
tion (See Figure 3). 

DEVICE OPERATION 

The ^1^@3 is a 16,384-bit serial E^PROM. The 
dm/tm suppa^ the I^C bidirectional data transmission 
proleieeM. Tlte pfotocol defines any device that sends data 
onto the bus as a Iransmittet" and any device which 
receives data as a "receiver." The device controlling data 
transmission is called the "master" and the controlled 
device is called the "slave." In all cases, the S24162/163 
will be a "slave" device, since it nev«' iniMcn Mnqf i^ta 
transfers. 

Acknowledge (ACK) 

Acknowledge Is a software convention used to indicate 
successful data transfers. The transmitting device, either 

eS^. — 



the master or the slave, will release the bus after transmit- 
ting eight bits. During the ninth clock cycle, the receiver 
will pull the SDA line LOW to ACKnowledge that It re- 
ceived the eight bits of data (See Figure 4). 

The S241 62/1 63 will respond with an ACKnowledge after 
recognition of a START condition and its slave address 
byte. If both the device and a write operation are selected, 
the S241 62/1 63 will respond with an ACKnowledge after 
the receipt of each subsequent 8-blt word. 

In the READ mode, the S241 62/1 63 transmits eight bits of 
data, then releases the SDA line, and monitors the line for 
an ACKnowledge signal. If an ACKnowledge is detected, 
and no STOP condition is generated by the master, the 
S24162/163 will continue to transmit data. If an 
ACKnowledge Is not detected, the 8241 62/1 63 will terml- 
,nate further data transmissions and awaKs 9 STOP ccnidi- 
Ifon before retuming to the standby power mode. 

Device Addressing 

Following a start condition the master must output the 
address of the slave it is accessing. The most significant 
four bits of the slave address are the device type identifier 
(see figure 5). For the S241 62/1 63ttiis is fixed as 1 01 0[B]. 

Word Address 

The next three bits of the slave address are an extension 
of the array's address and are concatenated with the eight 
bits of address In the word address field, providing direct 
access to the 2,048 X 8 array. 



HIGH ORDER 
WORDACKIBBSS 
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Read/Write Bit 

The last bit of the data stream defines the operation to be 
performed. When set to "1 ," a read operation is selected; 
M@rt 5@t to '0," a wrilB operation ts seltieied. 

WRITE OPERATIONS 

The S24162/163 allows two types of write operations: 
byte write and page write. The byte write operation writes 
a single byte during the nonvolatile write period (twp). The 
page write operation allows up to 16 bytes in the same 
page to be written during twR. 

Byte WRITE 

After the slave address is sent (to identify the slave 
device, specify high order word address and a read or 
write operation^, a seeond byte is transmitted which 
obtains tiw; low 8 bit addresses of any one of the 2,048 
wsrcterin the* array. 

Upon receipt of the word address, the 824162/163 re- 
sponds with an ACKnowledge. After receiving the next 
bytec#Ma,tt»paln resspor^ with an ACKnowledge. The 

.sm0^- MsR :tMMMs> 'Dm 'imm^ ..^ generating; m 
Wr8^tim^m],^wmMem^^^f<&^63 begins*® 
internal write cycle. 



While the internal write cycle is in progress, the 824162/ 
163 inputs are disabled, and the device will not respond 
to any requests from the master. Refer to Figure 6 for the 
address, ACKnowl^ge and data transfer sequence. 

Page WRITE 

The 824162/163 is capable of a 16-byte page write 
operation. It is initiated in the same manner as the byte- 
write operation, but instead of terminating the write cycle 
after the first data word, the master can transmit up to 1 5 
more words of data. After the receipt of each word, the 
ISft Wli^iM Mpond with an ACKnowledge. 

The 824162/163 automatically increments the address 
for subsequent data words. After the receipt of each word, 
the four low order address bits are internally incremented 
by one. The high order five bits of the address byte remain 
constant. Should the master transmit more than sixteen 
words, prior to generating the STOP condition, the ad- 
dress counter will 'Voll over," and the pre^Miy MMl- 
data will be ovenwitten. As with the byte-write operation, 
all inputs are disabled during (he internal write cycle. 
Refer to Figure 6 for the address, ACKrrowl^Jge and^ftifcj 
transfer sequence. ■ 
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FIGURE 6. PAGE/BYTE WRITE MODE 
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Whmh-tnt'iMig/vai Is pertorming an internal WRITE 
operation, It wlllignore any new START conditions. Since 
ttie device will only return an acknowledge after it accepts 
the START, the part can be continuously queried until an 
acknowledge is issued, indicating that the internal WRITE 

To poll *»«IWte#iP»t!ii START condition, followed by 
a slave address tor a VIMTE operation (See Figure 7). 
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FIGURE 7. ACKNOWLEDGE POLUNG 



READ OPERATIONS 

Read operations are initiated with the R/W bit off the 
identification field set to "1 There are four different read 

options: 

1 . Current Address Byte Read 

2. Random Address Byte Read 

3. Cun'ent Address Sequent!^ Aeiit 

4. Random Address Sequential Bemi 

Current Address Byte Read 

The S24162/163 contains an intemai address counter 
which maintains the address of the last word accessed, 
incremented by one. If the last address accessed (either 
a read or write) was to address kx»t!on n, the next read 
operation would access data from address location n+1 
and increment the current address pointer. When the 
S24162/163 receives the slave address field with the R/ 
W bit set to "1 ," it issues an acknowledge and transmits the 
8-bit word stored at address location n+1.. 

The current address byte read operation only accesses a 
single byte of data. The master does not acknowledge the 
transfer, but does generate a stop condition. At this point, 
the 824162/163 discontinues data transmission. See 
Figure 8 for Xhmiaa(lmm^.mlmmil^s»^g»'mnd dscta transfer 
sequence. 
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FIGURE 8. CURRENT ADDRESS BYTE READ MODE 
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IteiMliEHn Addtsss Byte RsmI 

Random address read operations allow the master to 
access any memory location in a random fashion. This 
operation involves a two-step process. First, the master 
issues a write command which includes the start condl- 
tton and the slave address field (with the R/W bit set to 
WRITE) followed by the address of the word it is to read. 
This procedure sets the Internal addregUfSounter of the 
S24162/163 to the desired address. 



After the word address acknowledge Ik WBetmi-ititB 
master, the master immediately reissues a slan oeMiPM 
followed by another slave address field witti ffie WVlf W 
set to READ. The S24162/163 will respond with an 
acknowledge and then transmit the 8-data bits stored at 
the addressed location. At this point, the master does not 
acknowledge the transmission but does generate the stop 
condition. The S24162/163 discontinues data transmis- 
sion and reverts to its standby power mode. See Figure 9 
for the a0mm winewN|pl MKl data transfer se- 
quence. 
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RQUfSS. RANDOM ADDRESS BYTE READ MODE 
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Sequential READ 

Sequential READs can be initiated as eitlier a current 
address READ or random access READ. Tlie first word is 
transmitted as with the other byte read modes (current 
m^simm 1^ READ or rarvdom address byte READ); 
Motraim.ttie'niaiwrnSiitrri^^ ACKnowledge, 
indicating that it requires additional data from the 
824162/163. The S24162/163 continues to output data 
for each ACKnowledge received. The master terminates 
the sequential READ operation by not responding with an 
ACKnowledge, and issues a STOP conditions. 



During a sequential read operation, the Internal address 
counter Is automatically incremented with each acknowl- 
edge signal. For read operations, all address bits are 
incremented, allowing the entire array to be read using a 
single read command. After a count of the last memory 
address, the address counter will 'roll-over' and the 
memory will continue to output data. See Figure 1 for the 
address, acknowledge and dg^<NviSfer sequence^ 
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FIGURE 10. SEQUENTIAL READ OPERATION (starting with a Random Address READ) 
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ABSOLUTE MAXIMUM RATINGS 



Temperature Under Bias ..,.,,.,.,„„...,..., ««,».*! -40°C to +85°C 

Storage Temperature ,. -65°C to +125°C 

Soldering Temperature (less than 10 seconds) « 300°C 

Supply Voltage to 6.5V 

Voltage on Any Pin .... „ -0.3V to Vcc+0.3V 

ESD Voltage (JEDEC method) 2,000V 



NOTE: These are STRESS ratings only. Appropriate conditions for operating these devices are given elsewhere in this specification. SttssMS' 
beyond those listed here may permanently damage the part. Prolonged exposure to maximum ratings may affect device reliability. 



DC ajCTRICAL CHARA^fiiil^l«@ 

S241 eg/163. Ta = -40^0 IB +85^, Vce = sv ± 10% 

S24162/163-3, Ta = to +85°C, Vcc = 2.7V to 5.5V 



Symbol 


Parameter 


Conditions 


Min 


Max 


Units 


Ice 


Supply Current (CMOS) 


SOL = CMOS LBumre womz 

SDA = Open 

All other Inputs = GND or Voc 


Vcc=5.5V 




3 


mA 


Vcc=3.3V 




2 


mA 


ISB 


Standby Current (CMOS) 


SCL = SDA = Vcc 
All other Inputs = GND 


Vcc=5.5V 




50 


uA 


Vcc=3.3V 




25 




lu 


Input Leakage 


ViN = To Vcc 




10 


HA 


Ilo 


Output Leakage 


VouT = To Vcc 




10 


ma 


ViL 


Input Low Voltage 


SO. ^ f^er 




0.3xVcc 


V 


VlH 


Input High Voltage 


SO, S1,S2.SCL,SDA 


0.7xVcc 




V 


Vol 


Output Low Voltage 


IOL»anA 




0.4 


V 
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AC ELECTRICAL CHARACTERISTICS 



S241 62/1 63-3, Ta = -40°C to +85°C, Vcc = 2.7V to 5.5V 


2.7V to 4.5V 


4.5V to 5.5V 




Symbol 


Parameter 


Conditions 


Min 


Max 


Min 


Max 


Units 


fscL 


SO. Clock Fnequwey 







100 




400 


KHz 


tuow 


Clock Low Period 




4.7 




1.3 




MS 


tHr^ 


Clock High Period 




4.0 




0.6 




US 


tBUF 


Bus Free Time 


Before New Transmission 


4.7 




1.3 




us 


tSU:STA 


Start Condition Setup Time 




4.7 




0.6 




US 


tHD:SrA 


Start Condition Hold Time 




4.0 




0.6 




|iS 


tsu:Sfi;e 


Stop Condition Setup Time 




4.7 




0.6 




US 


tAA 


aodiEtisOiiliM 


SCL Low to SDA Data Out Valid 


0.3 


3.5 


0.2 


0.9 


us 


tDH 


Data Out Hold Time 


S(^ to Spt Out <%^^ 


0.3 




0.2 




MS 


tR 


SCL and SDA Rise Time 






1000 




300 


ns 


tF 


SOL and SDA Fall Time 






300 




300 


ns 


tSU:DAT 


Data In Setup Time 




250 




100 




ns 


tHD:DAT 


Data In Hold Time 














ns 


Tl 


Noise Spike Width 

@ SCL, SDA Inputs 


Noise Suppression Tine Constant 




100 




100 


ns 


tWR 


Write Cycle Time 






10 




10 


ms 
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CAPACITANCE 

TA'FjS^,t=1O0t#te 



Symbol 


Parametar 


Max 


Untts 


dm 


Input Capacitance 


5 


PF 


Can 




8 


pF 
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8241 62/1 63-A 


8241 62/1 63-B 




Symbol 


ParaiMHr 


Min 


Max 


MIn 


Max 


Min 


Max 


Unit 


Vtrip 


Reset Trip Point ^ 


2.55 


2.7 


4.25 


4.5 


4.5 


4.75 


V 


tPORST 


Power-Up Reset Timeout 


130 


270 


130 


270 


130 


270 


ms 


tRPD 


VmiP to RESET Output Delay 




5 




5 




5 


MS 


Vrvalid 


RESET Output Valid 


1 




1 




1 




V 


tOLITCH 


Giitch Reject Puise Width 




30 




30 




30 


ns 


VOLRS 


RESET Output Low Voltage lOL - 1 mA 




0.4 




0.4 




0.4 


V 
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SECTION 3 Precision Voltage Supervisory Circuit witii Watclidog Timers and I^C 
iirMlatlle Memory 

SMS2902 Dual Reset l/Os,Watchdog and 2K Memory 3-3 

SMS2904 Dual Reset l/Os,Watchdog and 4K Memory .'. 3-t? 

SMSasii l3iiif(ie|«;fft|,yVatGhdog and 16K Mmmiii<><--*-----*»'^'''>^''^,*>'^'~» • *WI 
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Advance Information SMS2902 

3 and 5 Volt Systems 




SUMMIT 

MICROELECTRONICS, Inc. 



Precision Voltage Supervisory Circuit 
With Watchdog Timer and 2K m llip@«y 

FEATURES 

« n«aiWwi¥«Miee Monitor 

- AMMMKi VcG Supply Monitor 

- ^HUpltmiBtary reset outputs for complex 
wite w wWiiWIier systems 

- mi^NHSd memory write locicoiit function 

- No external coinf»nsiitB required 

• Watciidog Timer 

- Nominal 1 .6 second Timeout 

• Memory Internally Organized 256 X 8 

- t^YWhvSertallnteriSaee 
« M^Reliabllity 

- Endurance: 1 ,000,000 erase/write cycles 

- Data retention: 100 years 

• 8-Pin PDIP or SOIC Paclcages 



The SMS2902 is a power supervisory circuit that monitors 
Vcc (either in a 5V system or 3V system) and will generate 
complementary reset outputs. The reset pins also act as 
i/Os and may be used for signal conditioning. The 
SMS2902 also has an on-board watchdog timer that hae 
a nominal time out period of 1 .6 seconds. 

The SMS2902 integrates a 2K-bit nonvolatile serial 
memory. It features the industry standard I^C serial 
interface allowing quick implementation in an end-users' 
system. 
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PIN CONFIGURATIONS 



SMS2902 

Advance Information 



PIN NAMES 




Symbol 


Pin 


Description 


Wdi 


1 


Watchdog Input /a high to 
low transition will dear fll8 
watchdog timer 


RESET 


2 


Active Low RESET Input/Output 


N6 


3 


No Connect, tie to ground 

or leave open 


GND 


4 


Analog and Digital Ground 


SDA 


5 


Serial Memory Input/ 
Output data line 


SCL 


6 


Serial Memory clock input 


RESET 


7 


Active High RESET Input/ 
Output 




8 


Supply Voltapt 



PB_nST 



VCC= 3.0 Or 5.0 

A 



->ww^- 



SMS2902 



1= 



WDI Vcc 
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FIGURE 1. TYPICAL APPLICATION USING DUAL RESET FUNCTION AND WATCHDOG TIMER 
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FIGUm 2. TYPKSAL JWPyCATION CONHGURATION USING SYSTEM DECODE LOGIC TO RESET WDI 



CAPACITANCE 

Ta = 25°C, f = 100KHz 



Symbol 


Parameter 


meet 




CiN 


Input Capacitance 


S 


PF 


Lout 




8 





2(1Z7F>SMT2.^ 



tR 



tHMW tbENt 



tBUlStO 



SCL 



SDA In 



tHD:DAT I- 



I tSU:DAT 



tBUF 



A i / n c 



-//- 



tAA 



! tDH 



SDA Out 



FIGURES. BUS TIMING 
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ABSOLUTE MXOCIMUM RATINGS 



Temperature Under Bias -40°C to +85°C 

Storage TemperEdurs .«..,. „ „ -mrC to +125''C 

Soldering Temperature (less than 1® seeends) — ......„.,..„..,.. 300°C 

Supply Voltage : to 6.5V 

Voltage on Any Pin .......^ -©.SV to Vcc+0.3V 

ESD Voltage (JEDEC method) 2,000V 



NOTE: These are STRESS ratings only. Appropriate conditions for operating these devices are given elsewhere in this specification. Stresses 
beyond those listed here may permanently damage the part. Prolonged exposure to maximum ratings may affect device reliability. 



RECOMMENDED OPERATING CONDITIONS 



Temperature 


Hbi 


Max 


Commercial 


o°c 


+70°C 


[ inddWal 


-40°C 


+85°C 
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DC ELECTRICAL CHARACTERISTICS (over recommended operating conditions unless othenivise specified) 







Conditions 


MIn 


Max 


Units 


■cc 


Supply Cuiranitawos) 


SCL = Cr^OS Levels @ lOOKHz 
SDA = Open 

All other inputs = GND or Vcc 


Vcc=5.5V 




3 


mA 


Vcc=3.3V 




2 


mA 


ISB 


Standby Current (CMOS) 


SCL = SDA = Vcc 
All other inputs = GND 


Vco=5.5V 




50 


ma 






25 


HA 


Ili 


Input Leakage 


ViN = To Vcc 




10 




Ilo 


Output Leakage 


VouT = To Vcc 




10 


ma 


ViL 


Input Low Voltage 


SO, SI, S2, SCL, SDA, RESET 




0.3xVcc 


V 


VlH 


Input High Voltage 


SO, 81, 82, SCL, SDA, RESET 


0.7xVcc 




V 


Vol 


Output Low AAiNage 


loL = 3mA SDA 




0.4 


V 
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AC ELECTRICAL CHARACTERISTICS 



(over recommended operating conditions unNMU'iaHiBnArise specified) 


2.7V to 4.5V 


4.5V to 5.5V 




Symbol 


Parameter 


Conditions 


MIn 


Max 


MIn 


Max 


Units 


fsCL 


SCL Clock Frequency 







100 




400 


KHz 


tLOW 


Clock Low Period 




4.7 




1.3 




US 


tHKaH 


Clock High Peitod 




4.0 




0.6 




MS 


tBUF 


Bus Free Time 


Birtiill^ Tmnsmissksi 


4.7 




1.3 




US 


tSUiSTA 


Start Condition Setup Time 




4 7 




0.6 




US 


tHD STA 


Start Condition Hold Time 




4.0 




0.6 




US 


tSU:STO 


Stop Condition Setup Time 




4.7 




0.6 




|JS 


tAA 


Clock to Output 


SCL Low to SDA Data Out Valid 


0.3 


3.5 


0.2 


0.9 


US 


tOH 


Data Out Hokl Time 


SCL Low to SDA Data Out Change 


0.3 




0.2 




US 


tR 


SCL and SDA Rise Time 






1000 




300 


ns 


tF 


SCL and SDA Fall Time 






300 




300 


ns 


tSU:DAT 


Data In Setup Time 




250 




100 




ns 


tHD:DAT 


Data In Hold Time 














ns 


Tl 


Noise Spike Wkith 
e SCL, a>A Inputs 


Noise Supprssskxi Time Constant 




100 




100 


ns 


tWR 


Write Cyde Time 






10 




10 


ms 












15 


202 





zozr-anBAiaa 
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RESET 



RESET 




tp PD 



-tPURST 



FIGURE 4. RESET OUTPUT TIMING 



RESET CIRCUIT AC and DC ELECTRICAL CHARACTERISTICS 



TA = -40°Cto+^e 


SMS2902-2.7 


SMS2902-A 


SMS2902-B 




Symbol 


Parameter 


MIn 


lUlax 


Min 


Max 


Min 


iUax 


Unit 


Vtrip 


Reset Trip Point 


2.55 


2.7 


4.25 


4.5 


4.5 


4.75 


V 


tPURST 


Power-Up Reset Timeout 


130 


270 


130 


270 


130 


270 


ms 


tFIPD 


Vtrip to RESET Output Delay 




5 




5 




5 


US 


Vrvaud 


RESET Output Valid 


1 




1 




1 




V 


tGLITCH 


Glitch Reject Pulse Width 




30 




30 




30 


ns 


VOLRS 


RESET Output Low Voltage IOL= 1 mA 




0.4 




0.4 




0.4 


V 


VOHRS 


RESET Output High Voltage Ioh = 800 \iA 


VCC-.75 




V0C-.75 




VCC-.75 




V 



zmpomm' - 
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PIN DESCRIPTIONS 

SertilClliiekp^)-TheSCL input is usedtodock data 
into and out of the device. In the WRITE mode, data must 
remain stable while SCL is HIGH. In the READ mode, data 
is clocked out on the falling edge of SCL. 

Serial Dsit (SQA) - The SDA pin is a bidirectkinal pin 
used to \miiSkir^S^ into and out of the device. Data may 
change only when SCL is LOW, except START and STOP 
conditions, it is an open-drain output and may be wire- 
ORed with m/ mpfeier of open-«teriii Qj^-collector 
outputs. 

RESET- RESET Is an active low output. V Vheneve r Vcc 
is below VTR iptheSM S29(K will drive the RESET pin to 
ground. The RESETpin is an I/O and can be used as a 
reset Input. Referto Figure 1 as an example use of this pin 
as a push button switch debounce circuit. It should be 
noted this is an open drain output and an external pull-up 
resistor tied to Vcc is needed for proper operation. 

RESET — RESET is an active high output. Whenever 

Vcc is below Vtrip the SMS2902 will drive the RESET pin 
to the Vcc rail. The RESET pin is an I/O and can be used 
as a reset input. It should be noted this is an open drain 
output and an external pull-down resistor tied to ground is 
needed for pr@pAr ^Mon. 

WDI - The WDI input is uswd as a hardware method of 
clearing the watchdog timer. A high to low transition on 

this pin will clear the watchdog timer. If a transition is not 
detected within 1 .6 seconds the watchdog will time out 
and force the reset outputs active. 

mmmmmmmmmmmrmrvm 

The SMS2902 is designed for applications requiring 
1 ,000,000 erase/write cycles and unlimited read cycles. It 
provides 100 years of secure data retention, with or 
without power appiieC sAOf the esceeutlon of 1,000,000 
erase/write cycles. 

Reset Controller Description 

The SMS2902 provides a precision RESET controller that 
ensures correct system operation during brown-out and 
pow^K^^nStown conditiorvs. ItisQQiiQgured with two open 
drain ffliSET outputs; pin 7 is an ai^VB high output and 
pin 2 is an active low output. 

During power-up, the RESET outputs remain active until 
Vcc reaches the Vtrip threshold and will continue driving 
the oul^puts for approximately 200ms after readiing Vtrip. 
The B^iT outputs will be valid so long as Vcc is> 1 .OV. 
During power-down, the RESET outputs will begin driving 
active when Vcc falls below Vtrip. 



Advance Information 

The RESET pins are l/Os; therefore, the SMS2902 can 
act as a signal conditioning circuit for an externally 
applied reset. The inputs are edge triggered; that is, the 
RESET input will initiate a reset timeout after detecting a 
low to high transition and the RESET input will initiate a 
reset timeout after detecting a high to low transition. Refer 
to the applications Information section for more details on 
device operation as a reset conditioning circuit. 

WATCHDOG TIMER OPERATION 

The SMS2902 has a watchdog timer with a nominal 
timeout period of 1 .6 seconds. Whenever the watchdog 
times out It will generate a reset output on both RESET 
and RESET. There are two methods of clearing the 
watchdog timer; the first is through the use of software, 
and the second Is by strobing the WDI Input pin. 

Software Method 

The watchdog timer will clear to tO whenever the 
SIVIS2902 issues an ACKnowledge. Therefore, the host 
system will need to issue a start condition, followed by a 
valid address and command. It can be a normal com- 
mand as in the sequence of reading or writing to the 
memory, or it can fc>e a dummy command issued solely for 
the purpose of resetting the watchdog timer. Refer to 
Figure 12 for detailed sequence of operations. 

The watchdog timer will be held In the cleared state during 
power-on while Vcc is less than Vtrip. Once Vcc ex- 
ceeds Vtrip the watchdog will continue to be held in a 
cleared state for the duration of tpuRST- After tpuRsr, the 
timer will be released and t>egin counting. 

If either reset input is asserted the watchdog timer will be 
cleared and remain in the reset conditktn until either 
tpuRST has expired or the reset input is ra to a aod , whteh- 
ever is longer. 

If the watchdog times out and no action is taken by the 
host the SMS2902 will drive the reset outputs active for 
the duration of tpuRST at which point it will release the 
outputs and clear the watchdog timer again and release 
it to begin a new count. Refer to Figure 13 for detailed 
sequence of operations. 

Hardware Method 

A high to low transition on WDI will clear the watchdog 
timer. If a transition is not detected within 1 .6 seconds the 
watchdog will time out and force the reset outputs active. 
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SCUfrom 
Master 



Data Output 
from 
Transmitter 

Data Output 
from 
BaeeiviBr 



Start 
I Condition 



I tAA 



ItAA 



RGURE 5. ACKNOWLEDGE RESPONSE FROM RECEIVER 
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CHARACTERISTICS C»= THE 1% mB 
General Description 

The I^C bus was designed for two-way, two-IIrie ierlal 
connmunlcatlon between different integrated circuits. The 
two lines are: a serial data line (SDA), and a serial clock 
line (SCL). The SDA line must be connected to a positive 
supply by a pull-up resistor, located somewhere on the 
bus (See Figure 1). Data transfer between devices may 
be initiated with a START condition only when SCL and 
SDA are HIGI-i (bus is not toy). 

Input Data Protocol 

One data bit is transferred during each clock pulse. The 
data on the SDA line must remain stable during clock 
HIGI-i tirne, because changes on the data line while SQL 
M HIGM win be interpreted as or Step «ori<iib^ 

START and STOP Conditions 

When both the data and clock lines are HIGH, the bus is 
said to be not busy. A HIGH-to-LOW transition on the data 
line, while the clock is HIGH, is defined as the "START" 
GOTKlition. A LOW-to-HIGH transition on the data line, 
wliiie the dock is HIGH, is defined as the "STOP" condi- 
tion . 

DEVKmwmiAnoH 

The SMS2902 is a 2K-bit serial E^PROM. The device 
supports the I^C bidirectional data transmission protocol. 
The protocol defines any device that sends data onto the 
bus as a 'Iransmitter" and any device which receives data 
as a "receiver." The device controlling data transmission 
is called the "master" and the controlled device is called 
the "slave." in all cases, the SMS2902 will be a "slave" 
device, since M niitfer tnMat^ My dUtt ttansfers. 



Acknowledge (ACK) 

Acknowledge is a software convention used to indicate 
successful data transfers. The transmitting device, either 
the master or the slave, will release the bus after transmit- 
ting eight bits. During the ninth clock cycle, the receiver 

will pull the SDA line LOW to ACKnowledge that it le* 
ceived the eight bits of data (See Figure 5). 

The SMS2902 will respond with an ACKnowledge after 
recognition of a START condition and its slave address 
byte. If both the device and a write operation are selected, 
the SMS2902 will respond with an ACKnowledge aftertfie 
receipt of each subsequent 8-bit word. 

In the READ mode, the SMS2902 transmits eight bits of 
data, then releases the SDA line, and monitors the line for 
an ACKnowledge signal. If an ACKnowledge is detected, 
and no STOP condition is generated by the master, the 
SMS2902 will continue to transmit data. If an 
ACKnowledge is not detected, the SMS2902 will terminate 
further data transmissions and awaits a STOP condition 
before retuming le the standby power mode. 

Device Addressing 

Following a start condition the master must output the 
address of the slave it is accessing. The most significant 
four bits of the slave address are the device type identifier 
(see figure 6). For the SMS2902 Wis is fixed as l OI C^B]. 



DONTCARE 




J L 
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FIGURE 6. SLAVE ADDRESS BYTE 



3-9 



smtiiiimitt 




The next three bits are don't care. 
Read/Write Bit 

The last bit of the data stream defines the operation to be 
performed. When set to "1 ," a read operation is selected; 
when set to "O," a wifle opimiSli 

WRITE OPERATIONS 

The SIVIS2902 allows two types of write operations: byte 
write and page write. The byte write operation writes a 
single byte during the nonvolatile write period (twR). The 
page write operation allows up to 16 bytes in the same 
page to be written during twR- 

Byte WRITE 

Upon receipt of both the slave address and word address, 
the SMS2902 responds with an ACKnowledge for each. 
After receiving the next byte of data, it again responds with 
an ACKnowledge. The master then terminates the trans- 
fer by generating a STOP condition, at which time the 
SMS2902 b^lip ttie internal write cycle. 



SMS2902 

Advance Information 

While the internal write cycle is in progress, the SMS2902 
inputs are disabled, and the device will not respond to any 
requests from the master. Refer to Figure 7 for the 
address, ACKnowledge and data transfer sequence. 

Page WRITE 

The SMS2902 is capable of a 16-byte page write opera- 
tion. It is initiated in the same manner as the byte-write 
operation, but instead of terminating the write cycle after 
the first data word, the master can transmit up to 1 5 more 
bytes of data. After the receipt of each byte, the SI\/IS2902 
will respond with an ACKnowledge. 

The SMS2902 automatically increments the address for 
subsequent data words. After the receipt of each word, 
the low order address bits are internally incremented by 
one. The high order five bits of the address byte remain 
constant. Should the master transmit more than 1 6 bytes, 
prior to generating the STOP condition, the address 
counter will "roll over," and the previously written data will 
be ovenvritten. As with the byte-write operation, all inputs 
are disabled during the internal write cycle. Refer to 
Figure 7 for the address, ACKnowledge and data transfer 
sequence. 



AciawHtetlg^ Transmitted from 
SMS2902 to Master Receiver 



if single byte-write only, 
Stop bit Issued here. 



SDA 
Bus 
Activity 



\ 



Cj Word Address 
■ M ' ■ 



I I I I I r 
Data Byte n 



Acknowledges Transmitted from 
SMS2902 to Master Receiver 



Data Byte n+1 
I I I I ' I I 



I I I I I I I 

Data Byte n+1 5 




1 3 



Device 
Address 



Read/Write 
0= Write 



Slave Address 



Master Sends Read 
Request to Slave 



Master Transmitter 
to 

Slave Receiver 



i 



Master Writes Word 
Address to Slave 



Master Transmitter 



Stave Receiver 



Master Writes 
Data to Slave 



Master Transmitter 
to 

Slave Receiver 



lylaster Writes 
Data to Slave 



Master Transmitter 
to 

Slave Receiver 



IVlaster Writes 
Data to Slave 



Master Transmitter 




Slave Transmitter 
to 

Master Receiver 



FIGURE 7. PAGE/BYTE WRrTE MODE 
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Acknowledge Polling 

When the SMS2902 is performing an internal WRITE 
operation, it will ignore any new START conditions. Since 
the device will only r^un%ail«^owledge after it accepts 
the START, the p^Ht caM be eenOnuously queried urrtil an 
acknowledge is Issued, tndtcaling that the internal WRITE 
cycle is complete. 

To poll the device, gve ita START condition, followed 
a slave addie^ for a WfltTE aeration (See Figure 8). 



Intanial WIUTE Cycto 
In Progress; 
BsginACK Polling 



Issue Slave 
Address and 
R/W = 



jYes (Intsmal WRITE Cyel* is oMwMM) 

No 




Issue Stop 



Issue Stop 
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FIGURE 8. ACKNOWLEDGE POLLING 



READ OPERATIONS 

Read operations are initiated with the R/W bit of the 
identification field set to "1 .' There are four dMdWil iMd 
options: 

1 . Current Address Byte Read 

2. Random Address Byte Read 

3. Current Address Seguential Read 

4. Randifn M^m&s #«tplfMf Read 

Current Address Byte Read 

The SMS2902 contains an Internal address counter 
which maintains the address of the last word accessed, 
incremented by one. If the last address accessed (either 
a read or write) was to address location n, the next read 
operation would access data from address location n-t-l 
and Increment the current address pMer. fw 
SMS2g02 receives the slave address field wi(h tie R/W 
bit set to "1 ," it issues an acknowledge and transmfts the 
8-bit word stored at address location n-i-1 . 

The cunent addr^ byte read operation only accesses a 
ingle byte of datf-Theimeter does not admoMksc^fliie 
transfer, but does generate a stop condition. At 0tis point, 
the SMS2902 discontinues data transmis^on. See Fig- 
ure 9 for the address acknowledge and data transfer 
sequence. 



SDA Bus AcUv'rty ^ 













A 


1 1 1 1 1 1 1 








X 


X 


X 


R 


C 


Data Byte 
1 1 1 1 1 1 1 




/ 










W 


K 







Device 
Type 
Address 



Read/Write 
1= Read 



Slave Address 



Master sends Read 
request to Slave 



Master Transmitter 
to 

Slave Receivier 



Lack of ACK (low) 
from Master 
determines last 
data byte to be read 



Slave sends 
Data to Master 



$ICiyo Transmitter 



Shading Denotes 
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FIGURE 9. CURRENT ADDRESS BYTE READ MODE 
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Random Address Byte Read 

Random address read operations allow the master to 
access any memory location in a random fashion. This 
operation involves a two-step process. First, the master 
issues a write command which includes the start condi- 
tion and the slave address field (with the R/W bit set to 
WllJE) followed by the address of the word it is to read. 

proeiKlure sets the internal address counter of the 
SMS2902 to the desired address. 



SMS2902 

Advance Information 

After the word address acknowledge is received by the 
master, the master immediately reissues a start condition 
followed by another slave address field with the R/W bit 
set to READ. The St\/IS2902 will respond with an acknowl- 
edge and then transmit the 8-data bits stored at the 
addressed location. At this point, the master does not 
acknowledge the transmission but does generate the stop 
condition. The SMS2902 discontinues data transmission 
and reverts to its standby power moctfr. See Figure 1 for 
the address, acknowledge and dalk trardfer sequence. 
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Master sends Reiid 
request to Slave 


Master Transmitter 
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Slave Receiver 
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Address to Slave 



I Master Transmitter 
to 

Slave Receiver 



PI 



Oevica 



Rsad/Write 

t=Read 



Slave Address 



Master Requests 
Data from Slave 



Master Transmitter 
to 

Slave Receiver 



Lack of ACK (low) 
from Master 
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Data to Master 
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Master Rt 
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Slave Transmitter 
to 

Master 



Slave Transmitter 
to 



nOURE m RANDOM ADDRESS BYTE READ MODE 
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Sequential READ 

Sequential READs can be initiated as either a current 
address READ or random access READ. The first word is 
transmitted as with the other byte read modes (current 
address byte READ or random address byte READ); 
however, the master now responds with an ACKnowledge, 
Indicating that it requires additional data from the 
SMS2902. 1lMs ll^lSil^ ecintinues to output data for 
each ACKnowledge received. The master terminates the 
sequential READ operation by not responding with an 
ACKnowleclBS, and tesues a Sf OP eondit^MW. 



During a sequential read operation, the internal address 
counter is automatically incremented with each acknowl- 
edge signal. For read operations, all address bits are 
incremented, allowing the entire array to be read using a 
single read command. After a count of the last memory 
address, the address counter will 'roll-over' and the 
memory will continue to output data. See Figure 1 1 for ftie 
addresS) acknowledge and data transfer sequence. 
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Acknowledge from 



SPA Bus 
Acflvity 



\ 




Lack of 
Acknowledge from 
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Master Transmitter 
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Slave Receiver 
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Data to Master 



Slave Transmitter 
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Master Recei 



Slave Transmitter 
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FIGURE 11. SEQUENTIAL READ OPERATION (starting with a Random Address READ) 
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FIGURE 12, SEQUENCE OV'F 
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FIGURE 13. SEQUENCE TWO 
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Frequently the supervisory circuit will be deployed on a PC board that provides a peripheral function to a system. 
Examples might be modem or network cards in a PC or a PCMCIAcard in a laptop. In instances like this the peripheral 
cprdmayhawarequirementforacleiini^tfcjiicQontplnsure^p^^ 

« leset pulse of sufficient duraHon to diMf ttie poi^wrsA or to pi^feet data stbredlN a NoifiMMe memory. 

Wm I/O capability of the RESET pins can provide a solution. The system's r^et signal to the peripheral can be fed 
into the SMS2902 and it in turn can clean up the signal and provide a known entity to the peripheral's circuits. The 
figure below shows the basic timing characteristics under the assumption the reset input is #iltM' In duration tiran 
tpuRST- The same reset output affect can be attained by using the active high reset input. 



RESET 
Input 



/ 



RESET 
Output 



p^ser 

Output 



■ tpURST • 



If |!0U happen to be using one of Ate rmtfe tsommcm supervisory drcuits like a 1 232, you re^ht consider reducing your 
mipMMit count such as illu^rtMd beliw. 
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SUMMIT 

MICROELECTRONICS, Inc. 
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SMS2904 



Precision Voltage Supervisory Circuit 
With Watchdog Timer and «IC I^C Memory 



3 and 5 Volt Systems 



FEATURES 

• Precision Voltage Monitor 

- Automatic Vcc Supply Monitor 

- Complementary reset outputs for complex 
microcontroller systems 

- Integrated memory write lockout function 

- No external componeiitp fSipfred 

• Watclidog Timer 

- Nominal 1 .6 second Timeout 

• jyiemory Internally Organized 512 X 8 

- Two Wire Serial Interface (1*0™) 

• Heiiabllity 

- Endurance: 1,000,000 erffiieAMrite cycie* 

- Data retention: 100 years; 

• a*PinPDIPorSOiCI 



OVERVIEW 

The SMS2904 is a power supervisory circuit that monitors 
Vcc (either in a 5V system or 3V system) and will generate 
complementary reset outputs. The reset pins also act as 
l/Os and may be used for signal conditioning. The 
SMS2904 also ttas an on-board wsdi^dog timer that ha% 
a nominal time out period of t.6 sebbnds. 

The SMS2904 integrates a 4K-bit nonvolatile serial 
memory. It features the industry standard I^C serial 
interface allovving quicic ImfitaifieMafion in an end^users' 
system. 
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PIN NAMES 




Symbol 


Pin 


Description 


WDI 


1 


Watchdog Input /a high to 
low transition will clear the 
watchdog timer 


RESET 


2 


Active Low RESET Input/Output 




3 


No Connect, tie to ground 
or leave open 


GND 


4 


Analog and Digital Ground 


SDA 


5 


Serial Memory Input/ 
Output data line 


SCL 


6 


Serial Memory clock input 


RESET 


7 


Active High iiiSfT Irpuf 
Output 


Vcc 


8 


Supply Voltage 




VCC= 3.0 Or 5.0 

A 



SMS2904 



-C WDI. Vcc Zl- 

-Cl RESET RESET ^ 
IZ NC SCL Zl- 
-d GND SDA :> 



|2C 
Peripheral 



d RESET 



SCL 
SDA 



ALE 

8051 lype MCU 

RST 

SCL (PO.O) 
SDA (P0.1 



FIGURE 1. TYPICAL APPLICATION USING DUAL RESET FUNCTION AND WATCHDOG TIMER 
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+5VDC 



o- 



SMS 2904 



WDI VCC 



RESET 
NC SCL 



RESET 



RST 



Z80 



I/O 
I/O 



T3 
O 
U 

O 



FIGURE 2. TYPICAL APPUCATION CONFIGURATION USING SYSTEM DECODE LOGIC TO BBSET WDI 



CAPACITANCE 

TA = 25^C.f= 100KHZ 



Symbol 


Parameter 


Max 


Units 


ClN 


Input Capacitance 


5 


PF 


Lout 


Qiliptil€SQ|M6iiaince 


8 


PF 



SCL 



SDAIn 



tR 



tH IGH tLOW 



tSU:SDA .1M3:SDA 



foD:DAT I- 



1 tSU:DAT 



tAA 



tSUiSTO 



IA> 



teUF I 



SDA Out 



{xxxxxxxxxxx^^xxxxxxxxxxxmxxxy 



FIGURES. BUS TIMING 
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ABSOLUTE MAXIMUM RATINGS 



Temperature Under Bias -40°C to +85»C 

Storage Temperature SS'C to +1 25°C 

Soldering Temperature (less than 10 seconds) SOO'C 

Supply Voltage „,..„...,^,„, to 6.5V 

Voltage on Any Pin „. -0.3V to Vcc+0.3V 

ESD Voltage (JEDEC method) 2,000V 



NOTE: These are STRESS ratings only. Appropriate conditions for operating these devices are given elsewhere in this specification. Sttessos 
beyond those listed here may pennanently damage the part. Prolonged exposure to maximum ratings may affect device reliability. 



RECOMMENDED OPERATING CONDITIONS 



Temperature 


MIn 


Max 


Commercial 




+70°C 


Industrial 


.40»C 


+85°C 
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DC ELECTRICAL CHARACTERISTICS (over recommended operating conditions unless othenwise specified) 



Symbol 


Parametsr 


Conditions 


MIn 


Max 


Units 


Ice 


Supply Cutrent (CMOS) 


SOL = CMOS Levels @ lOOKHz 
SDA = Open 

All other inputs = QND or Vgc 


Vcc=5.5V 




3 


mA 


Vcc=3.3V 




2 


mA 


ISB 


Standby Current (CMOS) 


SCL = SDA = Vcc 
All other inputs = GND 


Vcc=5.5V 




50 


ma 


/^^^ 




25 


tiA 


Ili 


Input Leakage 


ViN = To Vcc 




10 


MA 


Ilo 


Output Leakage 


VouT = To Vcc 






ViL 


input Low Voltage 


SO, S1, S2, SCL, SDA, RESET 




O.SxVcc 


V 


VlH 


Input High Voltage 


SO, SI, S2, SCL, SDA, RESET 


0.7xVcc 




V 


Vol 


Output Low Voltage 


l0L = 3mAS0A 




0.4 


V 
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AC ELECTRICAL CHARACTERISTICS 



(over recommended operating conditions unless othenvise specified) 


2.7V to 4.5V 


4.5V to 5.5V 




Symbol 


Parameter 


eondMoMi 


Min 


Max 


Min 


Max 


Units 


fsCL 


SCL Clock Frequency 







100 




400 


KHz 


tLOW 


Clock Low Period 




4.7 




1.3 




US 


tHiai 


ckick High parted 




4.0 




0.6 




(IS 


tBUF 


Bus Free Time 




4.7 




1.3 




MS 


tSU:STA 


Start Condition Setup Time 




4.7 




0.6 




US 


tHD:STA 


Start Condition Hold Time 




4.0 




0.6 




US 


tSU:STO 


Stop Condition Setup Time 




4.7 




0.6 




US 


tAA 


Clock to Output 


SCL Low to SDA Data Out Valid 


0.3 


3.5 


0.2 


0.9 


US 


tOH 


Data Out HoM Time 


SCL Low to SDA Data Out Change 


0.3 




0.2 




US 


tn 


^ tMQ^ Rise Time 






1000 




300 


ns 


tF 


SCL and SDA Fall Time 






300 




300 


ns 


tSU:DAT 


Data In Setup Time 




250 




100 




ns 


tHODKT 


Data In Hold Time 














ns 


Tl 


Noise Spike Width 
e SCL, SDA Inputs 


hkiiss SuppfBsskin Time Constant 




too 




100 


ns 


tWR 


Write Cycle Time 






10 




10 


ms 



Vrvalid- 



VCC 



RESET 



RESET 



tGLITCH 
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-«KJRST 




-! «- 



•'PURST 



V 



FIGURE 4. RESET OUTPUT tlMINi 



RESET CIRCUIT AC and DC ELECTRICAL CHARACTERISTICS 



Ta = -4£rc to *m^c 


SMS2904-2.7 


SMS2904-A 


SMS2904-B 




Symbol 


Parameter 


Min 


Max 


MIn 


Max 


MIn 


Max 


Unit 


Vtrip 


Reset Trip Point 


2.55 


2.7 


4.25 


4.5 


4.5 


4.75 


V 


tpURST 


Power-Up Reset Timeout 


130 


270 


130 


270 


130 


270 


ms 


tRPD 


Vtrip to RESET Output Delay 




5 




5 




5 


^1S 


Vrvaud 


RESET Output Valid 


1 




1 




1 




V 


tGLITCH 


Glitcii Reject Pulse Width 




30 




30 




30 


ns 


VOLRS 


RESET Output Low Voltage loL= 1mA 




0.4 




0.4 




0.4 


V 


VOHRS 


RESET Output High Voltage loH = 800 pA 


VCC-.75 




VGC-.75 




VCC-.75 




V 
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PIN DESCRIPTIONS 

Serial Clock (SCL) - The SCL input is used to clock data 
into and out of the device. In the WRITE mode, data must 
remain stable while SCL is HIGH. In the READ mode, data 
is dodced out on the falling edge of SCL. 

Serial Data (SDA) - The SDA pin is a bidirectional pin 
used to transfer data into and out of the device. Data may 
change only when SCL is LOW, except START and STOP 
conditions. It is an open-drain output and may be wire- 
ORed with any number of opMlMl #»>-collector 
outputs. 

RESET- RESET is an active low output. Whenever Vcc 
is below Vtri p the SM S2904 will drive the RESET pin to 
ground. The RESET pin is an I/O and can be used as a 
reset input. Refer to Figure 1 as an example use of this pin 
as a push button switch debounce circuit. It should be 
noted this is an open drain output and an external pull-up 
resistor tied to Vcc is needed for proper operation. 

RESET — RESET is an active high output. Whenever 
Vcc is below Vtrip the SMS2904 will drive the RESET pin 
to the Vcc rail. The RESET pin is an I/O and can be used 
as a reset input. It should be noted this is an open drain 
output and an external pull-down resistor tied to ground is 
needed for proper operation. 

WDI - The WDI input is used as a hardware method of 
clearing the watchdog timer. A high to low transition on 
this pin will clear the watchdog timer. If a transition is not 
detected within 1.6 seconds the watchdog will time out 
and foiiie the M^ttflitfqMti ac^ve. 

ENDURANCE tSm DSITA RETENTION 

The SMS2904 is designed for applications requiring 
1 ,000,000 erase/write cycles and unlimited read cycles. It 
provides 100 years of secure data retention, with or 
without power applied, ■gter Hw ajw eMBo n of 1,000,000 
erase/write cycles. 

Reset Controller Description 

The SMS2904 provides a precision RESET controllerthat 
ensures correct system operation during brown-out and 

power-up/-down conditions. It is configured with two open 
drain RESET outputs; pin 7 is an active high output and 
pin 2 is an active low output. 

During poweiHjp, tfi» RESET outputs remain active until 
Vcc r^*es 8to Vtrtp threshold and will continue driving 
the outputs for approximately 200ms after reaching Vtrip. 
The RESET outputs will be valid so long as Vcc is > 1 .OV. 
During power-down, the RESET outputs will begin driving 
active when Vcc falls below Vtrip. 



SMS2904 
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The RESET pins are l/Os; therefore, the SMS2904 can 
act as a signal conditioning circuit for an externally 
applied reset. The inputs are edge triggered; that is, the 
RESET input will initiate a res et timeou t after detecting a 
low to high transition and the RESET input will initiate a 
reset timeout after detecting a high to low transition. Refer 
to the applications Information section for more details on 
device operation as a reset conditioning circuit. 

WATCHDOG TilVIER OPERATION 

The SMS2904 has a watchdog timer with a nominal 
timeout period of 1 .6 seconds. Whenever the watchdog 
times out it will generate a reset output on both RESET 
and RESET. There are two methods of clearing the 
watchdog timer; the first is through the use of software, 
and the second Is by strobing the WDI input pin. 

Software Method 

The watchdog timer will clear to tO whenever the 
SMS2904 issues an ACKnowledge. Therefore, the host 
system will need to issue a start condition, followed by a 
valid address and command. It can be a normal com- 
mand as in the sequence of reading or writing to the 
memory, or it can be a dummy command issued solely for 
the purpose of resetting the watchdog timer. Refer to 
Figure 12 for detailed sequence of operations. 

The watchdog timer will t>e held in the deared state during 
power-on while Vcc is less than Vtrip. Once Vcc ex- 
ceeds Vtrip the watchdog will continue to be held in a 

cleared state for the duration of tpuRSj. After tpuRST, the 
timer will be released and begin counting. 

If either reset input is asserted tfie watchdog timer will t)e 
cleared and remain in the reset condition until either 
tpuRST has expired or the reset input is released, which- 
ever is longer. 

If the watchdog times out and no action is tal<en by the 
host the SMS2904 will drive the reset outpute active for 
the duration of tpuRST at which point it will release the 
outputs and dear the watchdog timer again and release 
it to begin a new count. Refer to Figure 13 d@teiled 
sequence of operations. 

Hardware Method 

A high to low transition on WDI will dear the wctNidog 
timer. If a transition is not detected within T M seconds ttie 
watchdog will time out and force ttie reset outpute active. 
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SCL from 

Data Output 
from 
Transmitter 

Data Output 
from 
Receiver 



~ Clart 



I Start 

I Condition 



zxz::iDcz 



7 



• tAA 



FIGURE 5. ACKNOWLEDGE RESPONSE FROM RECEIVER 



" ^ACKnowledge j ( 



CHARACTERISTICS OF THE 1% BUS 
General Oeserlptlon 

The I^C bu£ iuem deisigned for two-way, two-line serial 
oofimiunicatieinNitimsndiffererit integratedcircutts.The 
two lines are: a seltal data line (SDA), and a serial clock 
line (SCL). The SDA line must be connected to a positive 
supply by a pull-up resistor, located somewhere on the 
bus (See Figure 1). Data transfer between devices may 
be initiated with a START condition only when SCL and 
SDA are HIGH (bus Is not btj^). 

Input Data Protocol 

One data bit is transferred during each clock pulse. The 
data on the SDA line must remain stable during clock 
HIGH time, because changes on the data line while SCL 
^MIGH will be interpreted as start or stop condition. 

SrART and STOP Conditions 

When both the data and clock lines are HIGH, the bus is 

said to be not busy. A HIGH-to-LOW transition on the data 
line, while the clock Is HIGH, is defined as the "START" 
condition. A LOW-to-HIGH transition on the data line, 
while the clock Is HIGH, Is defined as the "STOP" condi- 
tion. 

SEVIGE OPERATION 

The St>/fS2904 is a 4,096-blt serial E^PROM. The device 
Wfpotts^ttra 1% bidirectional data transmission protocol. 
lispnSlQool defines any device that sends data onto the 
tHJB as a "transmitter" and any device which receives data 
as a 'receiver.' The device controlling data transmission 
Is called the "master" and the controlled device Is called 
the "slave." In all cases, the SMS2904 will be a "slave" 
device, ^nce It newer initlales any data transfers. 



Acknowledge (ACK) 

Acknowledge Is a software convention used to indicate 
successful data transfers. The transmitting device, either 
the master or the slave, will release the bus after transmit- 
ting eight bits. During the ninth dock cycle, the receiver 
will pull the SDA line LOW to ACKnowledge that it re- 
ceived the eight bits of data (See Figure 5). 

The SMS2904 will respond with an ACKnowledge after 
recognition of a START condition and its slave address 
byte. If both the device and a write opemtton aesssledtliit 
the SM S2904 will respond with an ACKnowledge after ttie 
receipt of each subsequent 8-blt word. 

In the READ mode, the SI\/!S2904 transmits eight bits of 
data, then releases the SDA line, and monitors the line for 
an ACKnowledge signal. If an ACKnowledge fe deneited, 
and no STOP conditkm is generated by the master, the 
SMS2904. will continue to transmit data. If an 
ACKnowledge is not detected, the SMS2904 will terminate 
further data transmissk>ns and awaits a STOP conditton 
before retuming to the ilpdlSyjpHW made. 

Device AddrsMi^ 

Following 8 sHaA condition the master must OiNpul Vhe 
address of the slave it Is accessing. The most significant 
four bits of the slave address are the device type Identifier 
(see figure 6). For the SMS2904 this Is fixed as 101 OP]. 



DEVICE 
IDENTIFIER 



DONT CARE 



1 1 X X 
I I I I I 



A 
8 

J L 



R/W 



ft SLAVE ADDRESS BYTE 
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The next two bits are don't care. Tlie next bit is tlie higti 
order addrass bit AB. 

Read/Write Bit 

The last blt^the dSlB stream defines the operation to be 
perfenmedt WNn MA1t> "1 a read operation is selected; 
when set to %' a iwlie operation is s^ilected. 

WRITE Oi»EWIttOf@ 

The SMS2904 allows two types of write operations: byte 
write and page write. The byte write operation writes a 
single byte during the nonvolatile write period (twn). The 
page write operation allows up to 16 bytes in the same 
page to be written during twR- 

Byte WRITE 

Upon receipt of both the slave address and word address, 
the SMS2904 responds with an ACKnowledge for each. 
After receiving the next byte of data, it again responds with 
an ACKnowledge. The master then terminates the trans- 
fer by generating a STOP condition, at which time the 
•^82904 begins the internal write cyde. 



While the internal write cycle is in progress, the SI\/1S2904 
inputs are disabled, and the device will not respond to any 
requests from the master. Refer to Fi^gure 7 for the 
address, ACKnowledge and data transMf sei^ti@nce. 

Page WRITE 

The SMS2904 is capable of a 16-byte page write opera- 
tion. It is initiated In the same manner as the byte-write 
operation, but instead of terminating the write cycle after 
the first data word, the master can transmit up to 1 5 more 
bytes of data. After the receipt of each byte, the SMS2904 
will respond with an ACKnowledge. 

The SMS2904 automatically increments the address for 
subsequent data words. After the receipt of each word, 
ttie low order address bits are intemally incremented by 
one. The high order five bits of the address byte remain 
constant. Should the mastertransmit more than 1 6 bytes, 
prior to generating the STOP condition, the address 
counter will "roll over," and the previously written data will 
be overwritten. As with the byte-write operation, all inputs 
are disabled during the internal write cycle. Refer to 
Figure 7 for the address, ACKnowledge aiR}4stiSiansfer 
sequence. 



ABknewledges Transmitted from 
SMS@904 to Master Receiver 



SDA 
Bus 
Activity 



i 



1 1 1 1 1 1 1 

Word Address 
■ 



If single byte-write only. 
Stop bit Issued here. 



Acknowledges Transmitted from 
SMS2904 to Master Receiver 



Data Byte n 



bo " " " " bni 

Data Byte n-i-1 tlM Data Byte n+1S Ml 

I ■ wp I 





i|o|ih 


|a|0 




A] A| A| A| AlAl Al A 

7l6l5l4i3l2lli0 


s 

T 
A 

R 
T 


Dwrice 






ReadAA/rite 
0= Wfite 


Slave Address 


Master Sends Read 
Request to Slave 


1 


Master Writes Word 
Address to Slave 


Master Transmitter 
to 

Slave Receiver 


Master Transmitter 

to 

Slave Receiver 



D p p 



Dpp p p 



Master Writes 
Data to Slave 



Master Transmitter 
to 

Slave Receiver 



D p p p p p p D 
7|6|5Ul3|2|l|o 



Master Writes 
Data to Slave 



Master Transmitter 
to 

Slave Receiver 



□ p p p Dp p p 

I? Is Is U b U li lo 



Master Writes 
Data to Slave 



Master Transmitter 



Slave Receiver 




FIGURE?. PAGE/BYTE WRFTE MODE 
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Acknowledge Polling 

When the SMS2904 is performing an Internal WRITE 
operation, it will ignore any new START conditions. Since 
the device will only return an acknowledge after it accepts 
the START, the part can be continuously queried until an 
acknowledge is issued. M^Mg that the internal WRITE 
cycle is complete. 

To poll the device, give it a START condition, followed by 
a jjjay^^idress lor a WRITIE ofieraieion (See Figure 8). 



Internal WWTE Cycle 

hi PlUQIVSS! 

BagkiACKPoBfeig 




Issue Stop 



jYes (Internal WRITE Cycle is completed) 
No 



Await Next 
Command 
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READ OPERATIONS 

Read operations are initiated with the IR/W bit of ttre 
identification field set to "1 ." There are four diffierentT^ 
options: 

1 . Current Address Byte Read 

2. Random Address Byte Read 

3. Current Address Sequential Read 

4. Random Addrras Se^dentlal Read 

Current Address Byte Read 

The SMS2904 contains an internal acMress counter 
which maintains the address of the last word accessed, 
incremented by one. If the last address accessed (either 

a read or write) was to address location n, the next read 
operation would access data from address location n+1 
and increment the current address pointer. When the 
Sf\/IS2904 receives the slave address field with the f\M 
bit set to "1 ," it issues an acknowledge and transmits tlie 
8-bit word stored at address location n+1 . 

The current address byte read operation only accesses a 
single byte of data. The master does not acknowledge the 
transfer, but does generate a stop condition. At this point, 
the SMS2904 discontinues data transmission. See Fig- 
ure 9 for the address acknowledge and data transfer 
sequence. 



SDA Bus Activity 




FIGURE 9. CURRENT ADDRESS BYTE READ MODE 



Random Address Byte Read 

Random address read operations allow the master to 
access any memory location in a random fashion. This 
operation involves a two-step process. First, the master 
issues a write command which includes the start condi- 
tion and the slave address field (with the R/W bit set to 
WRITE) followed by the address of the word it is to read. 
This procedure sets the internal address countier of the 
SMS2904 to the desired addre^. 



SMS2904 

"^^^^"^^^^^^^^^^^^^dvanc^nformatiOT 

After the word address acknowledge is received by the 

master, the master immediately reissues a start condition 
followed by another slave address field with the R/W bit 
set to READ. The SK^S2904 will respond with an acknowl- 
edge and then transmit the 8-data bits stored at the 
addressed location. At this point, the master does not 
acknowledge the transmission but does generate the stop 
condition. The SMS2904 discontinues data transmission 
and reverts to its standby power mode. See Figure 1 for 
ttie address, acknowledge and data transfer sequence. 
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ReadAWnte 
0= Write 


Slave Address 
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Master Transmitter 
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Slave Receiver 



Master Writes Word 
Address to Slave 



Master Transmitter 
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Slave Receiver 
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Sequential READ 

Sequential READs can be initiated as either a cun'ent 
address READ or random access READ. Tlie first word is 
transmitted as with the other byte read modes (current 
address byte READ or random address byte READ); 
however, the master now responds with an ACKnowledge, 
indicating that it requires additional data from the 
SMS2904. The SMS2904 continues to output data for 
each ACKnowledge received. The master terminates the 
sequential READ operation by not responding with Ml 
ACKnowledge, and issues a STOP conditions. 
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During a sequential read operation, the internal address 
counter is automatically incremented with each acknowl- 
edge signal. For read operations, all address bits are 
incremented, allowing the entire array to be read using a 
single read command. After a count of the last memory 
address, the address counter will 'roll-over' and the 
memory will continue to output data. See Figure 1 1 fortho 
address, acknowledge and data transfer sequence. 
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Frequently the supervisory circuit will be deployed on a PC board that provides a peripheral function to a system. 
Examples might be modem or network cards in a PC or a PCMCIA card in a laptop. In instances like this the peripheral 
card may have a requirement for a cle£tn reset function to insure proper operation. The system may or may not provide 
a reset pulse of sutfkMft chuitfen ts i^Mtf ihspNU^^heral or to protect data stored in a nonvdatile memory. 

The I/O capability of the RESET pins can provide a solution. The system's reset signal to the peripheral can be fed 
into the SMS2904 and it in turn can clean up the signal and provide a known entity to the peripheral's circuite. The 
figure below shows the basic timing characteristics under the assumption the reset input is shorter in duration flian: 
tpuRST. The same reset output affect can be attained by using the active high reset input. 
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If you happen to be using one of the more common supervisory circuits like a 1 232, you might consider reducing your 
component count such as ilttSMli lbeMr. 
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FUTURES 

• Precision Voltage iVIonitor 

- Automatic Vcc Supply Monitor 

- Complementary reset outputlM'' 4 
microcontroller systems 

- Integrated memory write lockout function 

- No external components required 

• Watchdog TiMr 

- Nominal 1 .6 second Timeout 

• Memory internally Organized 2K X 8 

- Two Wire Serial Interface (PC^m) 

• High Reliability 

- Endurance: 1,000,000 erase/write eycl^ 

- Data retention: 100 years 

• 8-Pin PDIP or SOIC Paclcages 



OVERVIEW 

The SMS291 6 is a power supervisory circuit that monitors 
Vcc (either in a 5V system or 3V system) and wiil generate 
complementary reset outputs. The reset pins also act as 
l/Os and may be used for signal conditioning. The 
SIVIS2916 also has an on-board watchdog timer that has 
a nominal time out period of 1 .6 seconds. 

The SI\/IS2916 integrates a 16K-bil nonvolatile serial 
memory. It features the industry standard fC serial 
interface allowing quicl< implementation in an end-users' 
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PIN NAMES 



Symbol 


Pin 


Description 


WDI 


1 


Watchdog Input la high to 
low transition will clear the 
watchdog timer 


RESET 


2 


Active Low RESET Input/Output 


NC 


3 


No Connect, tie to ground 

or leave open 


GND 


4 


Analog and Digital Ground 


SDA 


5 


Serial l\/lemory input/ 
Output data fine 


SCL 


6 


Serial Memory 


RESET 


7 


Active High RESET Input/ 

Output 


Vcc 


8 


Supply Voltage 



PB_RST 



j 6 ^ 6- 



VCC= 3.0 Or 5.0 

A 



SMS2916 
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FIGURE 1. TYPICAL APPLICATION USING DUAL RESET FUNCTION AND WATCHDOG TIMER 
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FIGURE 2. TVt*K»IL ilPPIJPinm @CINFIGURATION USING SYSTEM DECODE LOGIC TO RESET WDI 



CAPACITANCE 

TA = 25°C,f=100KHz 



Symbol 


Parameter 


Max 


Units 


Cat 


Input Capacitance 


5 


pF 


tour 


©il|Ml€apacitanGe 


8 
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ABSOLUTE MAXIMUM RATIN6S 



Temperature Under Bias -40°C to +85''C 

Storage Temperature -65°C to +125°C 

Soldering Temperature (less than 10 seconds) 300°C 

%ttff>V Vettage to 6.5V 

yumm on Any -o-sv to vcc+o.3v 

^\ft«agBiJSDEG method) 2,000V 



NOTE: These ire STHfcSS ratings only. Appropriate conditions for operating these devices ate given elsewhere in this specification. Streraes 
tieyond those listed here may pennan«itly damage the part. Pt0a!^^ ^i^$m0$ ^ nisad^iyin RiiNSS iMir iA«Qt device reliability. 



RECOMMENDED OPERATING CONDITIONS 



Temperature 


MIn 


Max 


Commercial 


0°C 


+70°C 


Industrial 


-40°C 


+85 C 
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DC ELECTRICAL CHARACTERISTICS (over recommended operating conditions unless otherwise specified) 





Paiwiwltor 


Conditions 


HIn 


Max 


Units 


Ice 


Supply Current (CMOS) 


SCL = CMOS Levels @ lOOKHz 

SDA = Open 

Ail other inputs = GND or Vipc 


Vcc=5.5V 




3 


mA 


Vcc=3.3V 




2 


mA 


ISB 


Standby Current (CMOS) 


SCL = SDA = Vcc 
All other Inputs = GND 


Vc»=5.5V 




50 


ma 






25 


HA 


iu 


Input Leakage 


ViN = To Vcc 


r " 


10 


ma 


iLO 


Output Leakage 


VouT = To Vcc 




10 


HA 


ViL 


Input Low VsMP 


SO, SI , S2, SCL, SDA, RESET 




O.SxVcc 


V 


VlH 


Input High Voltage 


SO, 81 , 82, SCL, SDA, RESET 


0.7xVcc 




V 


Vol 


Output Low Voltage 


IOL = 3mA SDA 




0.4 


V 



AC ELECTRICAL CHARACTERISTICS 



(over recommended operating conditions unless otherwise specified) 


2.7V to 4.5V 


4.5V to 5.5V 




Symbol 


PsfsmstST- 


CondHlona 


MIn 


Max 


Min 


Max 


Units 


fSCL 


SCL Clock Frequency 







100 




400 


KHz 


tLOW 


Clock Low Period 




4.7 




1.3 




MS 


tHIGH 


Clock High Perkid 




m 




0.6 




us 


tBUF 


Bus Free Time 


BefonI |PlMii|Ti|tll0lliiisl@^' 


4.7 




1.3 




US 


tSU:STA 


Start Condition Setup Time 




4.7 




0.6 




MS 


tHO:STA 


Start Conditkm Hold Time 




4.0 




0.6 




MS 


tSU:STO 


Stop CdHdHsR SMalpTkw 




4.7 




0.6 




MS 


tAA 


Clock to Output 


SCL Low to SDA Data Out Valid 


0.3 


3.5 


0.2 


0.9 


MS 


tDH 


Data Out Hold Time 


SCL Low to SDA Data Out Change 


0.3 




0.2 




MS 


tR 


SCL and SDA Rise Time 






1000 




300 


ns 


tF 


SCL and SDA Fall Time 






300 




300 


ns 


tSUlDAT 


Data In Setup Time 




250 




100 




ns 


tHD:DAT 


fiiMa In Hold Time 














ns 


Tl 


Noise Spike Width 
@ SCL, SDA Inputs 


Noise Suppression Time Constant 




100 




100 


ns 


tvVR 


Write Cycle Time 






10 




10 


ms 
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RESET CIRCUIT AC and DC ELECTRICAL CHARACTERISTICS 



Ta*-4«K; to 4*8*0 


SMS2gi 6-2.7 


SMS2916-A 


SMS2916-B 




Symbol 


Parameter 


MIn 


Max 


Min 


Max 


Min 


Max 


Unit 


Vtrip 


Reset Trip Point 


2.55 


2.7 


4.25 


4.5 


4.5 


4.75 


V 


tPURST 


Power-Up Reset Timeout 


130 


270 


130 


270 


130 


270 


ms 


tnpD 


Vtrip to RESET Output Delay 




5 




5 




5 


US 


Vrvalio 


RESET Output Valid 


1 




1 




1 




V 


tGLITCH 


Giitch Reject Puise Width 




30 




30 




30 


ns 


VOLRS 


RESET Output Low Voitage iOL= 1 mA 




0.4 




0.4 




0.4 


V 


VOHRS 


RESET Output High Voltage lOH = 800 |iA 


VCC-.75 




VCC-.75 




VCC-.75 




V 
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PIN DESCRIPTIONS 

Serial Clock (SCL) - The SCL input is used to clocl< data 
into and out of the device. In the WRITE mode, data must 
remain stable while SCL Is hHIGIH. In the READ mode, data 
i^ dddied out on the falling edge of SCL 

Serial Data (SDA) - The SDA pin is a bidirectional pin 
used to transfer data into and out of the device. Data may 
change only when SCL is LOW, except START and STOP 
conditions. It is an open-drain output and may be wire- 
ORed wSSn any mtr^ wpmn/'S^Wt^tn'^tector 
outputs. 

RESET- RESET is an active low output. Whenever Vcc 
is below ViRi pthe SM S2916 will drive the RESET pin to 
ground. The RESET pin is an I/O and can be used as a 
reset input. Referto Figure 1 as an example use of this pin 
as a push button switch debounce circuit. It should be 
FfdMd this is m open dt^alri outptif and an extemal pull-up 
resistor tied to Vcc is needed for proper operation. 

RESET — RESET is an active high output. Whenever 
Vcc is below Vtrip the SMS291 6 will drive the RESET pin 
to the Vcc rail. The RESET pin is an I/O and can be used 
as a re^ input It ^ouMlMi fioted this is an open drain 
cMifiit and an extemal pi#«fi»m iiesistor iy^^ tQ gmiid Is 
rtmded for proper operation. 

WDI - The WDI input is used as a hardware method of 
clearing the watchdog timer. A high to low transition on 
ttilSfiii Witt ^it^ WMghdQg timer. If a transition is not 
d^Aied «Min 1 .6 sae«nct» Mm v^tehdag ^pt 
and fiDFt^ We reset dU^M ae^. 

ENDURANCE AND DATA RETENTION 

The SMS2916 is designed for applications requiring 
1 ,000,000 erase/write cycles and unlimited read cycles. It 
provides 100 years of secure data retention, with or 
without power applied.'^larttie-lMa@iMQii=-oiH#@@ieoO 
erase/write cycles. , _ ^ 

Reset Controller Description 

The SMS291 6 provides a precision RESET controller that 
ensures correct system operation during brown-out and 
power-up/-down conditions. It is configured with two open 
drain RESET outputs; pin 7 is an active high output and 
pin Z is an active low output. 

During power-up, the RESET outputs remain active until 
Vcc reaches the Vtrip threshold and will continue driving 
the outputs for approximately 200ms after reaching Vtrip. 
The RESET outputs will be valid so long as Vcc is > 1 .OV. 
During power-down, the RESET outputs will begin driving 
active when Vcc falls below Vtrip. 
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The RESET pins are l/Os; therefore, the SMS2916 can 
act as a signal conditioning circuit for m externally 
applied reset. The inputs are edge triggered; that is, the 
RESET input will initiate a res et timeou t after detecting a 

low to high transition and the RESET input will initiate a 
reset timeout after detecting a high to low transition. Refer 
to the applications Information section for more details on 
device operation as a reset conditioning circuit. 

WATCHDOG TIMER OPERATION 

The SMS2916 has a watchdog timer with a nominal 
timeout period of 1 .6 seconds. Whenewwr Wie w atchdog 
times out it will generate a reset output en botti Hbst 'l' 
and RESET. There are two methods of clearing the 

watchdog timer; the first is through the use of software, 
and the second is by strobing the WDI input pin. 

Softwrare IM^od 

The watchdog timer will clear to iO »#ienever the 
SMS2916 issues an ACKnowledge. Th^Bfbre, the host 
system will need to issue a start condition, followed by a 
valid address and command. It can be a normal com- 
mand as in the sequence of reading or writing to the 
memory, or it can be a dummy command issued solely for 
the purpose of resetting the watchdog timer. Refer to 
Figure 12 for detailed sequence of operations. 

The watchdog timer will be held in the cleared state during 
power-on while Vcc is less than Vtrip. Once Vcc ex- 
ceeds Vtrip the watchdog will continue to be held in a 
cleared state for the duration of tpuRST. After tpuRST, the 
timer will be released and begin counting. 

If either reset input is asserted the watchdog timer will be 
cleared and remain in the reset condition until either 
tpuRST has expired or the reset input is released, which- 
ever is longer. 

If the watchdog times out and no action is taken by the 
host the SMS2916 will drive the reset outputs active for 

the duration of tpuRST at which point it will release the 
outputs and clear the watchdog timer again and release 
it to begin a new count. Refer to Figure 13 for detailed 
sequence of operations. 

Hardware Method 

A high to low transition on WDI will cleffi'ttie watchdog 
timer. If a transition is not detected within 1 -S seconds the 
watchdog will time <xi^m*^fmm tfie reset outpute actiyK, 
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General Description 

The I^C bus was designed for two-way, two-line serial 
communication between different integrated circuits. The 
two lines are: a serial data line (SDA), and a serial clock 
line (SCL). The SDA line must be connected to a positive 
supply by a pull-up resistor, located somewhere on the 
bus (See Figure 1). Data transfer between devices may 
be initlatfcl with a START conelJtion only wh«n SCL wid 
SDA are Ht©H (bus not busy^. 

Input Data Protocol 

One data bit is transferred during each clock pulse. The 
data on the SDA line must remain stable during clock 
HIGH time, because ctiansf^ ^ ''"^ ■*&\\\& SCL 
% HIGH will be Interpret ss tet or stop condition. 

START and STOP Conditions 

When both the data and clock lines are HIGH, the bus is 
said to be not busy. A HIGH-to-LOW transition on the data 
line, while the clock is HIGH, is defined as the "START' 
condition. A LCMM^-MClH transition on the data line, 
while the clock is HIGH, is defined as the "STOP* condi- 
tion . 

DEVICE OPERATION 

The SMS2916 is a 16K-bit serial E^PROM. The device 
supports the I^C bidirectional data transmission protocol. 
The protocol defines any device that sends data onto the 
bus as a "transmitter" and any device which receives data 
as a "receiver." The device controlling data transmission 
is called the "master" and the controlled device is called 
the "slave." In all cases, the SI^S2916 will be a "slave" 
device, since it never initiates any data transfers. 



Acknowledge (ACK) 

Acknowledge is a software convention used to indicate 
successful data transfers. The transmitting device, either 

the master or the slave, will release the bus after transmit- 
ting eight bits. During the ninth clock cycle, the receiver 
will pull the SDA line LOW to ACKnowledge that it 
ceived the eight bits of data (See Figure 5). 

The SMS291 6 will respond with an ACKnowledge after 

recognition of a START condition and its slave address 
byte. If both the device and a write operation are selected, 
the SMS291 6 will respond with an ACKnowledge afterthe 
receipt of each subsequent 8-bit word. 

In the READ mode, the SMS291 6 transmits eight bits of 

data, then releases the SDA line, and monitors the line for 
an ACKnowledge signal. If an ACKnowledge is detected, 
and no STOP condition is generated by the master, the 
SMS2916 will continue to transmit data. If an 
ACKnowledge is not detected , the SMS291 6 will terminate 
further data transmissions and awaits a STOP condition 
before Mtimiiiig l^#te standby power mode. 

Device Addressing 

Following a start condition the master must output the 
address of the slave it is accessing. The most significant 
four bits of the slave address are the device type identifier 
(see figure 6). For the SMS2916 thte is fixed as 1010Iilt 
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The next three bits are the high order address btit A8. 
Read/Write Bit 

The last bit of the data stream defines the operation to be 
performed. When set to "1 ," a read operation is selected; 
when set to "0," a write operation is selected. 

HmtK OPERATIONS 

The SMS2916 allows two types of write opmtgS&m byte 
write and page write. The byte write operation writes a 
single byte during tlie nonvolatile write period (twn). The 
page write operation allows up to 16 bytes in the same 
page to be written during twR. * 

Byte WRITE 

Upon receipt of both the slave address and word address, 
the SMS2916 responds with an ACKnowledge for each. 
After receiving the next byte of data, it again responds with 
an ACKnowledge. The master then terminates the trans- 
fer by generating a STOP condition, at which time the 
^(1^191® lilpiB the internal write cycle. 
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Preliminary 

While the Internal write cycle is in progress, the SMS291 6 
inputs are disabled, and the device will not respond to any 
requests from the master. Refer to Figure 7 for the 
address, ACKnowledge and data transfer sequence. 

Page WRITE 

The SMS2916 is capable of a 16-byte page write opera- 
tion. It is initiated in the same manner as the byte-write 

operation, but instead of terminating the write cycle after 
the first data word, the master can transmit up to 1 5 more 
bytes of data. After the receipt of each byte, tlie SM@2916 
will respond with an ACKnowledge. 

The SMS2916 automatically increments the address for 
subsequent data words. After the receipt of each word, 
the low order address bits are internally incremented by 
one. The high order five bits of the address byte remain 
constant. Should the mastertransmit more than 16 bytes, 
prior to generating the STOP condition, the address 
counter will "roll over," and the previously written data will 
be ovenwritten. As with the byte-write operation, all inputs 
are disabled during the internal write cycle. Refer to 
Figure 7 for the address, ACKnowledE^ and data transfer 
sequence. 
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Acknowledge Polling 

When tine SI\/1S2916 is performing an internal WRITE 
operation, it will ignore any new START conditions. Since 
the device will only return an acknowledge after It accepts 
the START, the part can be continuously queried until an 
acknowledge is ismmi, incMeaMliftlMthe internal WRITE 
cycle Is complete. 

To poll the device, give it a START condition, followed by 
a slave addre^te a WfRTE operation (See Figure 8). 
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Read operations are initiated with the R/W bit of the 
identification field set to "1 .' There are four different read 
options: 

1. Current Address Byte Read 

2. Random Address Byte Read 

3. Current Address Sequential Read 
Random Address Sci|^MH Read 

Current Address Byte Read 

The SMS2916 contains an internal address counter 
which maintains the address of the last word accessed, 
Incremented by one. If the last address accessed (either 
a read or write) was to address location n, the next read 
operation would access data from address location n+1 
and increment the current address pointer. When the 
SMS2916 receives the slave address field with the R/VV. 
bit set to "1 ," it issues an acknowledge WKf t^smits Wie 
8-bit word stored at address location n+1 . 

The current address byte read operation only accesses a 
single byte of data. The master does not acknowledge the 
transfer, but does generate a stop condition. At this point, 
the SMS2916 discontinues data transmission. See 
ure 9 for Wm aibs^iAift «!iiMM||i and data transf^ 
sequence. 



SDA Bus Activity 
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Random Address Byte Read 

Random addPTOS read operations allow the master to 
msets CBty ungm^ location In a random feshlon. This 
l!pm^n {^vl)^f^ a two-step process. First, the master 
issues a write command which Includes the start condi- 
tion and the slave address field (with the R/W bit set to 
WRITE) followed by the address of the word It Is to read. 
This procedure sets the internal address counter of the 
SMS2916 to the de^red address. 



Preliminary 

After the word address acknowledge is received by the 
master, the master immediately reissues a start condition 
followed by another slave address field with the R/W bit 
set to READ. The SMS2gi 6 will respond With aftiacNcnowl- 
edge and then transmit the 8-data bits stored at the 
addressed location. At this point, the master does not 
acknowledge the transmission but does generate the stop 
condition. The SMS291 6 discontinues data transmission 
and reverts to its standby power mode. See Figure 1 for 
the address, acknowledge and data transfer sequence. 
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FIGURE 10. RANDOM ADDRESS BYTE READ MODE 
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Sequential READ 

Sequential READs can be initiated as either a current 
address READ or random access READ. The first word is 
transmitted as with the other byte read modes (current 
address byte READ or random address byte READ); 
however, the masternow responds with an ACKnowledge, 
indicating that It ire^uires sidditional data from the 
SMS2916. Tfte^iiii^l® c(Sin«fnues to output data for 
each ACKnowledge received. The master terminates the 
sequential READ operation by not responding with an 
ACKrvQiiileGlge, and issues a STOP condKions. 



Preliminary 



During a sequential read operation, the internal address 
counter is automatically incremented with each acknowl- 
edge signal. For read operations, all address bits are 
incremented, allowing the entire array to be read using a 
single read command. After a count of the last memory 
address, the address counter will 'roll-ov^r' and the 
memory will continue to output data. See Flguie 1 1 M'tlw : 
addr^, aolmowledge and data transfer sequence. 
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FIGURE 11. SEQUENTIAL READ OPERATION (starting with a Random Address READ) 
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FIGURE 12. SEQUENCE ONE 
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FIGURE 13. SEQUENCE TWO 
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Preliminary 



Frequently the supervisory circuit will be deployed on a PC board that provides a peripheral function to a system. 
Examples might be modem or network cards in a PC or a PCMCIA card in a laptop. In instances like this the peripheral 
card may have a requirement for a clean reset function to insure proper operation. The system may or may not provide 
a reset pulse of sufltsleiit duisiMstr «» '&mim. pMlitmm or te pmm mmmm M a nonvolaUle memory. 

The I/O capability of the RESET pins can provide a solution. The system's reset signal to the peripheral can be fed 
into the SMS2916 and it in turn can clean up the signal and provide a known entity to the peripheral's circuits. The 
figure below shows the basic timing characteristics under the assumption the reset input is shorter In duration than 
tpuHST. The same reset output affect can be attained by using the active high reset input. 
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If you happen to be using one of the more common supervisory circuits like a 1 232, you might consider reducing your 
component count such as ilhiMRMi bdi^ 



1232 



Vcc =H 
ST ZD" 
TOL flST:3 

sndrst ^ 



SOL 
GND SOA 



S051 Family Part 



" ToTTife . 



SMS2916 



<fi5l 
RST 

SCL 
GND SO* 



8051 Family l°art 



RST 
I/O 



3-43 



SMS2916 

Preliminary 



SECTION 4 Precision Reset Controllers with a Microwire Nonvolatile Memory 

593462 Dual Reset l/Os Plus 1 K Memory In a x8 Data Configuration 44 

593463 Dual Reset l/Os Plus 1 K Memory in a x16 Data Configuration 4-3 

S83@^ Ml Reset l/Os (Active High and Low) 4K Memory in a x8 Data Corrfiguration ... 4>1S 
S93663 DualR»etl/Os(Ai^Highan{il^4KMernoiylnax16DataCon^lifB^ 
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I^SUMMIT 

L I MICROELECTRONICS, Inc. 



S93462/S93463 



Precision Supply-Voltage Monitor and Reset Controller 



FEATURES 

• Precision IWonitor & RESET Controiier 

— RESET and RESET Outputs 

— Guaranteed RESET Assertion to Vcc = IV 

— 150ms Reset Pulse WIdtii 

— Internal 1.26V Reference with ±1% Accuracy 

— ZERO Qctmnai CompoiMnts RM|ulrad 

• Memory 

— 1 K-bit Microwbe Memory 

— 893462 

- Internally Ties ORG Low 

- 100% Compatible With ali 8-bit 
Implementations 

- Sixteen Byte Page Write Capability 

— S93463 

. - Internally Ties ORG HIgli 

- 100% Compatible Wttli all 16'^ 
Implementations 

- Elqtrt Word Page Wrtte CapaMlltv 



OVERVIEW 

The S93462 and S93463 are precision power supervi- 
sory circuits provicflng bO&i^ksm^Wl^k and active tow 
reset outputs. 

Botti devices liave 1 l<-bits of E^PROM memory that is 
accessible via the industry standard microwire bus. The 

593462 is configured with an internal ORG pin tied low 
providing a 8-bit byte organization and the S93463 is 
configured with an internal ORG pin tied high providing 
a 16-bit word organization. Both the S93462 and 

593463 have page write capability. The devices are 
designed for a minimum 1,000,000 program/erase 
Ipiss and have data r^MiScui in excess of 1 00 years. 
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PIN CONFIGURATION 



S93462/S93463 



DIP Package (F) 



SOIC Package (S) 



CSIZ«1 

SKC 2 
Dl C 3 
DOC 4 



=1 vcc 

□ RESET 



6 □ RESET 
5 □ GND 



cs c;: 


•1 


SK \Z 


2 


Dl C 


3 


DO C 
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^ Vcc 
Z3 RESET 



:3 RESET 
5 GND . 



PIN FUNCTIONS 



Pin Name 


Function 


es 


Chip Select ' ' - 


SK 


Clock tnpiM 


Dl 


Serial Data Input 


DO 


Serial Data Output 


Vcc 


+2.7 to 6.0V Power Supply 


GND 


Ground 


RESETJ^^T 


RESET I/O 



DEVICE OPERATION 

APPLICATIONS 

The S93462/463 is ideal for applications requiring low 
voltage and low power consumption. This device pro- 
vides microcontroller RESET CoiM«liSI{^&tippiU- 
ally resettable. 

RESET CONTROLLER DESCRIPTION 
Ttie S93462/463 provides a precision reset controller 
that ensures correct system operation during brown-out 
Wdpoww-«p/Hel@Mmicortdlwts. tteconfigured withlMO 
dpm drain resi^ oi^uts; pin 7 is an adSm high output 
and pin 6 is an active low output. 

During power-up, the reset outputs remain active until 
Vcc reaches the Vtf^ip threshold. The outputs will con- 
imi»to becb^nfw^EqipiGMiniateiy 150 ms after reach- 
iifg Vtwp- The f@Bri MinAs iwU be valid so long as Vcc 
Is > 1 .OV. During power-^down, flie reset outputs will 
begin driving active when Vcc falls below Vtrip. 

The reset pins are l/Os; therefore, the S93462/463 can 
act as a signal conditioning circuit for an externally 
applied reset. The inputs are edge triggered; that is, the 
RESET Input will initiate a reset timeout after detecting 



a low to high transition and the RESET Input will Initiate 
a reset timeout after detecting a high to low transition. 
Refer to the applications Information section for more 
details on device operation as a debotmcataBiet lO^ 
tender circuit. 

It should be noted the reset outputs are open drain. 

When used as outputs driving a circuit they need to be 
either tied high (RESET) or tied to ground (RESET) 
through the use of pull-up or pull-down resistors. Refer 
to the applications aid section for help in determining the 
value of resistor to be used. Internally these pins are 
weakly pulled up (RESET) and pulled down (RESET): 
therefore, If the signals ar^tWiiMi used the ^HiiM^ 
be left unconnected. 

GENERAL OPERATION 

The S93462/463 is a 1024-bit nonvolatile memory 
intended for use with industry standard microproces- 
sors. The S93463 is organized as XI 6, seven 9-bit 
Instructions control the reading, writing and erase 
operations of the device. The S93462 is organized as 
X8, seven 1 0-blt Instructions control the reading, writing 
and erase operations of the device. Tfie devi^ operates 
on a single 3V or 5V supply and will generateonGt)fp,f!f 
high voltage required during any write operation. 

Instructions, addresses, and write data are clocked Into 

the Dl pin on the rising edge of the clock (SK). The DO 
pin is normally in a high impedance state except when 
reading data from the device, or when checking iK^ 
ready/busy status after a write operation. 

The ready/busy status can be determined after the start 
of a write operation by selecting the device (CS high) and 
polling the DO pin; DO low indicates that the write 
operation is not completed, while DO h)^ indicates that 
the device Is ready for the next instruction. See the 
Applications Aid section for detailed use of the ready 
busy status. 
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The format for all Instructions Is: one start bit; two op 
code bits and either six (x16) or seven (x8) address or 

instruction bits. 

Read 

Upon receiving a READ command and an address 
(clocked into the Dl pin), the DO pin of the S93462/463 
will come out of ttieltigliittipeiGUiistf state and, will first 
output an initial ^umnqriiiero bit, ttien begin shifting out 
Vtm data address first). The ou^ut data btts 
will toggle on the rising edge of the SK clock and 
are stable after the specified time delay 

(tpDOOrtpDl). 



Write 

After receiving a WRITE command, address and the 
data, the CS (Chip Select) pin must be deselected for a 
minimum of 250ns (tcsMiN)- The falling edge of CS will 
start automatic erase and write cycle to the memory 
location specified in the instruction. The ready/busy 
status of the 893462/463 can be determined by select- 
ing the device and polling the DO pin. 

Erase * " 

Upon receiving an ERASE command and address, the 
CS (Chip Select) pin must be deselected for a minimum 

of 250ns (tcsMiN). The falling edge of CS will start the 
auto erase cycle of the selected memory location. The 
ready/busy status of the 893462/463 can be deter- 
mined by selecting the device and polling the DO pin. 
Once cleared, the content of a cleared location returns 
to a logical "1" state. 



SK 



Dl 



CS 



DO 




Figure 1. Sychronous Data Timing 
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Erase/Write Enable and Disable 

The S93462/463 powers up in the write disable state. 
Any writing after power-up or after an EWDS (write 
dl!sablo)|fistruction mustflrst be preceded by the EWEN 
(write enable) instruction. Once the write instruction is 
enabled, it will remain enabled until power to the device 
is removed, or the EWDS instruction is sent . The EWDS 
instruction can be used to disable all S93462/463 write 
and clear Instructions, and will prevent any accidental 
writing or clearing of the device. Data can be read 
normally from the device regardless of tiie write enable/ 
disable status. 

Erase All 

Upon receiving an ERAL command, the CS (Chip 
Saltdt) pin RHpt be deselected for a minimum of 250ns 
QeaWftd.1MMn9«dge(rfCSwHl^rtthe^^^ 
dear cycle of all memory locations m tie deviee. The 



clocking of the SK pin is not necessary after the device 
has entered the self clocl<ing mode. The ready/busy 
status of the S93462/463 can be determined by select- 
ing the device and polling the DO pin. Once cleared, the 
contents of all memory bits will be in a logical "1' alMii 

Write All 

Upon receiving a WRAL command and data, the CS 

(Chip Select) pin must be deselected for a minimum of 
250ns (tcsMiN). The falling edge of CS will start the self 
clocking data write to all memory locations in the device. 
The clocking of the SK pin is not necessary after the 
device has entered the self clocking mode. The ready/ 
busy status of the S93462/463 can be determined by 
selecting the device and polling the DO pin. It is not 
tmm^Bf^ for all memory locations to be cleared before 
i^WMlLMitmand is ^eecuted. 



Page Write 

93462 - Assume WEN has been Issued. The host will 
then take CS high, and begin clocking In the start bit, 
write command and 7-bit address Immediately fol- 
lowed by the first byte of data to be written. The host 
can then continue clocking In 8-blt bytes of data with 
each byte to be written to the next higher address. 
Internally the address pointer Is incremented after 
receiving each group of eight clocks; however, once 
the address counter reaches xxx 1111 it will roll over 
to xxx 0000 with the next clock. After the last bit is 
clocked in no internal write operation will occur until 08 
is brought low. 

93463 - Assume WEN has been Issued. The host will 
then take CS high, and begin clocking In the start bit, 
write command and 6-bit address immediately 
followed by the first 16-bit word of data to be written. 
Thg h<Mit can then continue cljacjgngjg 16-bit words of 



address. Internally the address pointer is incremented 
after receiving each group of sixteen clocks; however, 
once the address counter reaches xxx x11 1 It will roll 
over to XX xOOO with the next clock. After the last bit is 
clocked in no Intemal write operation will occur until CS 
is brought low. 

Continuous Read 

This begins just like a standard read with the host 
Issuing a read Instruction and clocking out the data 
byte [word]. If the host then keeps CS high and 
continues generating clocks on SK, the S93462/463 
will output data from the next higher address location. 
The S93462/463 will continue incrementing the ad- 
dress and outputting data so long as CS stays high. If 
the highest address Is reached, the address counter 
will roll over to address 0000. CS going low will reset 
the instruction register and any subsequent read must 
be initiated in tiie normal manner of issuing the com- 
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Figure 3. Write Instruction Timing 
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INSTRUCTION ser 



Instruction 


Start 


Opcode 


Address 


Data 


Comments 




Bit 




x8 


x16 


x8 


x16 




READ 




10 


A6-A0 


x(A5-A0) 






Read Address AN-AO 


ERASE 




11 


m-m 


x(A5-A0) 






Clear Address AN-AO 


WRITE 




01 


AS-M 


x(A5-A0) 


D7-D0 


D15-D0 


Write Address AN-AO 


EWEN 




00 


llxxxxx 


llxxxx 






Write Enable 


EWDS 




00 


OOxxxxx 


OOxxxx 






Write Disable 


ERAL 




00 


10XXXXX 


lOxxxx 






Clear All Addresses 


WRAL 




00 


Olxxxxx 


Olxxxx 


D7-D0 


D15-D0 


Write All Addresses 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias -55°C to +125°C 

Storage Temperature '. -65°C to +150°C 

Voltage on any Pin with Respect to Ground''' -2.0V to +Vcc +2.0V 

Vcc with Respect to Ground -2.0V to +7.0V 

Package Power Dissipation Capability (Ta = 25°C) — , 1 OW 

Lead Soldering Tennperature (10 seel^ „^.,„...„ 300°C 

Output Short Circuit Currently) „............™„„....„ 100 mA 

•TOMHENT 



Stresses above those listed under'Absolute Maximum Ratings^ may cause pemiariem damage to thedevk». These area&mnfln0ta4>,ai)dM^^ 
operation of the device at these or any other conditions outside of those listed in the operational sections of this spedAcaSon is Hflt-iWpfcd. B pswi rt i 
any atisolut»tna)dmum rating for extended periods rnEV affect deN^ perfbrrna^ 

RECOMMENDED OPERATING CONDITIONS 



Temperature 


Min - 


i Max 


Commercial 


0°C 


I " " +70'C 




-40«C 


+85''C 
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RELIABILITY CHARACTERISTICS 



Symbol 


PaiMMiir 


MIn. 


Max. 


Units 


Reference Test Method 


NeNd(3' 


Endurance 


1 ,000,000 




Cycles/Byte 


MIL-STD-883, Test Method 1033 


Tdr(3) 


Data Retention 


100 




Years 


MIL-STD-883. Test Method 1008 


VZAP'3> 


ESD Susceptibility 


2000 




Volts 


MIL-STD-883, Test Method 301S " ^ 


Ilth(3)(4) 


Latch-Up 


100 




mA 


JEDEC Standard 17 
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D.C. OPERATING CHARACTERISTICS (over recommended operating conditions unless otherwise specified) 



Symbol 


Parameter 


Limits 


Units 


Test Conditions 


Min. 


Typ. 


Mfx. 


Ice 


Power Supply Current 
(Ope«atin0 








mA 


DI = O.OV, fsK=1MHz 
Vcc = 5.0V.CS=§<«IV, 
Output Opefi 


ISB 


Power Supply Cun^nt 

(Standby) 






50 


HA 


cs = ov 

Reset Outputs Open 


nu — 


Input Leakage Current 






2 


HA 


ViN = OVtoVcc 


Ilo 


Output Leakage Current 
(Including ORG pin) 






10 


HA 


VouT = OV to Vcc, 
CS = OV 


ViLI 

V|H1 


Input Low Voltage 
Input High Voltage 


-0.1 

2 




0.8 

Vcc+1 


V 
V 


4.5V^CC<5.SV 


Vii^ 
VlH2 


Input Low Voltage 
Input High Voltage 




VgcXO.7 




VccXO.2 
Vcc+1 


V 
V 


1.8V<Vcc<2.7V 




Oiirtpid Low ¥«^tage 
Ou^ul High Voltage 


2.4 




a4 


V 
V 


4.5V^CC<S.5V 
loL = 2.1mA 

loH = -400nA 


VoL2 


Output Low Voltage 
Outjsut High Voltage 


Vgc-05 




0.2 


V 
V 


1 .8V<Vcc<2.7V 
loL = 1mA 
loH = -100nA 



2021 PGMISIJ) 

Note: 

(1) Tfie minimum DC input voltage Is -0.5V. Inuring transitions, inputs may undersfraot to -2.0V for periods of less tlian 20 ns. Maxtmum DC 



voltage on output pins is Vcc +0.5V, which may overshoot to Vcc +2.0V for periods of less than 20 ns. 

(2) Output shorted for no more than one second. No more than one output shorted at a time. 

(3) This parameter is tested initially and after a design or process change that affects the parameter. 

(4) Latch-up piotecdion is provided for stresses up to 100 mA on address and data pins from -IV to Vcc +1 V. 
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PIN CAPACITANCE 



Symbol 


Test 


Max. 


Units 


Conditions 


CoUT<^) 


OUTWr CAPACITANCE (DO) 


5 


PF 


VoiH*i0V 




INPUT CAPACITANCE (CS, SK, Dl. ORG) 


5 


PF 


VtN=OV 
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A.C. CHARACTERISTICS (over recommended operating conditions unless othenwise specified) 







Limits 










Vcc=2.7V-4.5V 


Vcc=4.5V-5.5V 




Test 


SYMBOL 


PARAMETER 


Min. 


Max. 


Min. 


Max. 


UNITS 


Conditions 


tcss 


CS Setup Time 


100 




50 




ns 




tCSH 


OS Hold Time 












ns 




tDIS 


Dl Setup Time 


200 




100 




ns 




toiH 


Dl Hold Time 


200 




100 




ns 




tPDI 


Output Delay to 1 




0.5 




0.25 


US 




tPDO 


Output Delay to 




0.5 




0.25 


lis 


Gl = lOOpF 


tHzd) 


Output Delay to High-Z 




200 




100 


ns 


tEW 


Program/Erase Pulse Width ' • ' 




10 




10 


ms 




tcSMIN 


Minimum CS Low Time 


0.5 




0.25 




US 




tSKHI 


Minimum SK High Time 


0.5 




0.25 




US 




tSKLOW 


Minimum SK Low Time 


0.5 




0.25 




\1S 




tsv 


Output Delay to Status Valid 




0.5 




0.25 


us 




SKmax 


A4i9^wni @)w#E PiMpMney 


&@ 


500 


DC 


1000 


KHZ 
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RESET CIRCUIT AC and DC ELECTRICAL CHARACTERiSTK^ 





2.7 


5 VoK-A 


SVolt-B 




Symbol 


Paramster 


MIn 


Max 


Min 


Max 


Min 


Max 


Unit 


Vtrip 


Reset Trip Point 


2.55 


2.7 


4.25 


4.5 


4.50 


4.75 


V 


tPURST 


Power-Up Reset Timeout 


130 


270 


130 


270 


130 


270 


ms 


tRPD 


.'TRIP to RESET Output Delay 




5 




5 




5 


|iS 


Vrvalid 


RESET Output Valid 


1 




1 




1 




V 


tGLITCH 


Glitch Reject Pulse Width 




30 




30 




30 


ns 


VOLRS 


RESET Output Low Voltage IOL=1mA 




0.4 




0.4 




0.4 


V 


VOHRS 


RESET Output High loH 


VCC-.75 




VCC-.75 




VCC-.75 




V 
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RESET 



RESET 
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RgureS. RESET Timing Diagram 
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Frequently the reset controller will be deployed on a PC board that provides a peripheral function to a system. 
Examples might be modem or network cards in a PC or a PCMCIA card in a laptop. In Instances like this the peripheral 
card may have a requirement for a clean reset function to insure proper operation. The system may or may not provide 
a (lisi^'pg^ @f #ffii#plit «turation to clear the peripheral or to protect data stored In a nonvolatile memory. 

The I/O capability of the RESET pins can provide a solution. The system's reset signal to the peripheral can tje fed 
into the S93462/463 and it in turn can clean up the signal and provide a known entity to the peripheral's circuits. The 
figure below shows the basic timing characteristics under the assumption the reset input is shorter in duration than 
tpuRST. The same reset output affect can be attained by using the active high reset input. 



RESET 
Input 

RESET 
Output 



RESET 
Ou^ut 



r 



r 



J 



Wl^ plarwitniiycwr res^r pull-up and puil-Kiown valuer i 
Worst Case RESET Sink/Source Capabilities at Various Vcc Levels 
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ne min. reslstencss. 



Parameter 


Symtwl 


Condition 


Mbl 




Max 


Units 


^^Et Output 
Voltage 


Vol 


Vcc = 1.0V, loL=100nA 






0.3 


V 


Vcc = 1.2V, loL=100nA 






0.3 


V 


Vcc = 3.0V, loL=500nA 






0.3 


V 


Vcc = 3.6V, Iol=500mA 






0.3 


V 


Vcc = 4.5V, Iol=750mA 






0.3 


V 




Vol 


Vcc = 1.0V, Iol=100hA 






0.4 


V 


RESET Output 
Voltage 


Vcc = 1.2V, Iol=150mA 






0.4 


V 


Vcc = 3.0V, Iol=750mA 






0.4 


V 


Vcc = 3.6V, loL=1mA 






0.4 


V 


Vcc = 4.5V, loL=1mA 






0.4 


V 


RESET Output 
Voltage 


VOH 


Vcc = 1.0V, loH=400nA 


Vcc-0.75 






V 


Vcc = 1.2V, loH=800nA 


Vcc-0.75 






V 


Vcc = 3.0V, Ioh=800mA 


Vcc-0.5 






V 


Vcc = 3.6V, loH=800^lA 


VcG-0.5 






V 


Vcc = 4.5V, loH=800nA 


Vcc-0.5 






V 
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Ready/Busy Status 

During the internal write operation the S93462/463 mem^ is inapcessibie. After starting the write operation 
(taking CS low) the ho^ can fmfrierftem a fOms fimlNstttmrineOr^i^^ a polling routine that t^sfis 

the state of the DO pin. 

After starting the write, testing for the status is easily accomplished by taking CS high and testing the state of DO. If 
it is low the device is still busy «M the itit^i#«Mi. If it is high tl&iMli^MMon has comfdeted. 

For the polling routine the host has the option of toggling CS for each tWiti^OO, or it can place CS high and then 
intermittently test DO. SK is jTot required for any of these operations. Once the device is ready, it will continue to drive 
DO high whenever the S93462/463 is selected. The ready state of DO can be cleared by clocking in a start bit; this 
start bit can either be the beginning of a new command sequence or it can be a dummy start bit with CS returning low 
iiii!»Fe the host issues a new command. 



CS 



o. , ,/xxxxxxxxxxx 




STATUS CLEARED 
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I^SUMMIT 

L I MICROELECTRONICS, Inc. 



Precision Supply-Voltage IMonitor and Reset Controllm' 



S93662/S93663 



FEATURES 

• Precision Monitor & RESET Controller 

— FiESET and Hbitbl Outputs 

— Guaranteed RESET Assertion to Vcc = IV 

— 200ms Reset PfidMe Width 

— Internal 1 Reference with +1 % Accuracy 

— ZERO External ComponeiM«JSM|Mietf 

• Memory 

— 4K-bit Microwire Memory 

— 893662 

- Internally Ties ORG Low 

- 100% Compatible With all 8-bit 
Implementations 

- Sixteen Byte Page Write Capability 

— S93663 

- Internally Ties ORG High 
-100% Compatible With uftHMil , ^. 



Implementations 
- BahtWterrii»ay Write 




OVERVIEW 

The S93662 and S93663 are precision power supervi- 
sory circuits providing both active high and active low 
reset outputs. 

Both devices have 4k-bits of E^PROM memory that is 

accessible via the industry standard microwire bus. The 

593662 is configured with an internal ORG pin tied low 
providing a 8-bit byte organization and the S93663 is 
configured witti an internal ORG pin tied higfi providing 
a 16-bit word organization. Both the S93662 and 

593663 have page write capability. The devices are 
designed for a minimum 1,000,000 program/erase 
(^des and have data retention in excess of 100 years. 
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-3 

RESET 



WRITE 
CONTROL 



MEMORY 
ARRAY 
4K-Blt 

^PROM 



2012 ij sma 4-15 



S93662/S93663 



PIN CONFIGURATION 




SCHC Package (S) 



SKC 2 
Did 3 
DOC 4 



^ Vcc 
13 RESET 
RESET 



PIN FUNCTIONS 



Pin Name 


Function 


CS 


Chip Select 


SK 


Clock Input 


0t 


Serial Data Input 


00 


Serial Data Output 


Vcc 


+2.7 to 6.0V Power Supply 


GND 


Ground 


RESET/RESET 


RESET I/O 



wmnfM oPiRAtiiN 

APPLICATIONS 

The 893662/663 is ideal for applications requiring low 
voltage and low power consumption. This device pro- 
vides microcontroller RESET control and oailiil^n^MIt^ 
ally resettable. 

RESET CONTROLLER DESCRIPTION 

The S93662/663 provides a precision reset controller 
that ensures correct system operation during brown-out 
and power-up/-down conditions. It is configured with two 
open drain reset outputs; pin 7 is an a(iRieM^@ti$PMIl 
and pin 6 is an active low output. 

During powMNil^, ttre naeA outputs remain active until 
Vcc reaches ttife Vtrip threshold. The outputs will con- 
tinue to be driven for approximately 200ms after reach- 
ing Vtrip. The reset outputs will be valid so long as Vcc 
is > 1 .OV. During power-down, the reset outputs will 
laiigin driving active when Vcc teUs below Vtrip. 



The reset pins are l/Os; therefore, the S93662/663 can 
act as a stabilization circuit for an externally applied 
reset. The inputs are edge triggered; that is, the RESET 
input will initiate a rese t timeout after detecting a low to 
high transition and the RESET input will initiate a reset 
timeout after detecting a high to low transition. Refer to 
the applications Irrfonnation section for more details on 
device operation as a debounce/resef esdender circuit. 

It should be noted the reset outputs are open drain. 
When used as outputs driving a circuit they need to be 
either tied high (RESET) or tied to ground (RESET) 
through the use of pull-up or pull-down, resistors. Refer 
to the applications aid section for helpihM^termining the 
value of resistor t o be use d. Internally these pins are 
weakly pulled up (RESET) and pulled down (RESET): 
therefore, if the signals are not being used the pimmmif 
be left unconnected. 

GENERAL OPERATION 

The S93662/663 is a 4096-blt nonvo^IPe memory in- 
tended for use with Industry standard microprocessors. 
The S93663 is organized as X16, seven 11 -bit instruc- 
tions control the reading, writing and erase operations of 
the device. The S93662 is organized as X8, seven 12- 
bit instructions control the reading, writing and erase 
operations of the device. The device operates on a 
single 3V or 5V supply and will generate on chip, the high 
wilgp mqiilied iMng any write operation. 

Instructions, addresses, and write data are clocked into 
the Dl pin on the rising edge of the clock (SK). The DO 
pin Is normally in a high Impedance state fflcoept wMi 
reading data from the devtee, or when checking tfie 
ready/busy status after a write operation. 

The ready/busy status can be determined after the start 
of a write operation by selecting the device (CS high) and 
polling the DO pin; DO low indicates that the write 
operation is not completed, while DO high Indicates that 
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the device is ready for the next instruction. See the 
Applications Aid section for detailed use of tlie ready 
busy status. 

The format for all instructions Is: one start bit; two op 
code bits and eitlier eight (iti^ &tihe ()£) address or 
instruction bits. 

Read 

Upon receiving a READ command and an address 
(clocked into the Dl pin), the DO pin of the S93662/663 
will come out of the high impedance state and, will first 
output an Initial dummy zero bit, then begin shifting out 
the data addressed (MSB first). The output data bits 
will toggle on the rising edge of the SK clock and 
are stable after the specified time delay 

(tpDOOrtpDl). ' ' 



Write 

After receiving a WRITE command, address and the 
data, the CS (Chip Select) pin must be deselected for a 
minimum of 250ns (tcsMiN). The falling edge of CS will 
start automatic erase and write cycle to the memory 
location specified in the instruction. The ready/busy 
status of the 893662/663 can be determined by select- 
ing the device and polling the DO pin. 

Erase 

Upon receiving an ERASE command and address, the 
CS (Chip Select) pin must be deselected for a minimum 
of 250ns (tcsMiN). The falling edge of CS will start the 
auto erase cycle of the selected memory location. The 
ready/busy status of the S93662/663 can be deter- 
mined by selecting the device and polling the DO pin. 
Once cleared, the content of a cleared location returns 
to a logical "1" state. 



•SKHI" 



-'SKLOW — ^ 



'CSH 



SK 



Dl 



CS 



00 



mmm) ( 



'DIS 



VALID 



'CSS 



- mmm ( 



'DIS 



VALID 



'OIH 



'PDO,' PD1 



'CSMIN 



DATAVALID 



Figure 1. Sychronous Data Timing 
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Erase/Write Enable and Disable 

The S93662/663 powers up in the write disable state. 
Any writing after power-up or after an EWDS (write 
disable) Instruction must first be preceded by the EWEN 
(write enable) Instruction. Once the write instruction Is 
enabled, it will remain enabled until power to the device 
is removed, or the EWDS instruction is sent . The EWDS 
instruction can be used to disable all S93662/663 write 
and clear instructions, and will prevent any accidental 
writing or clearing of the device. Data can be read 
normally from the dffi(fcMtji§iM|Ppss of the write enable/ 
disable status. 

Erase All 

Upon receiving an ERAL command, the CS (Chip 
Select) pin must be deselected for a minimum of 250ns 
(tcsMiN)- The falling edge of CS will start the self clocking 
dear cycle of all memory locations in the device. Th? 



clocl<ing of the SK pin is not necessary after the device 
has entered the self clocking mode. The ready/busy 
status of the S93662/663 can be determined by select- 
ing the device and polling the DO pin. Once cleared, the 
contents of all memory bite return to a logical "1" state. 

Write All 

Upon receiving a WRAL command and data, the CS 
(Chip Select) pin must be deselected for a minimum of 
250ns (tcsMiN)- The falling edge of CS will start the self 
clocking data write to all memory locations in the device. 
The clocking of the SK pin is not necessary after the 
device has entered the self clocking mode. The ready/ 
busy status of the S93662/663 can be determined by 
selecting the device and polling the DO pin. It Is not 
necessary for all memory locations to be cleared before 
the WRAL command Is executed. 



Page Write 

93662 - Assume WEN has been issued. The host will 
then take CS high, and begin clocking in the start bit, 
write command and 9-bit byte address immediately 
followed by the first byte of data to be written. The host 
can then continue clocking in 8-bit bytes of data with 
each byte to be written to the next higher address. 
Internally the address pointer is incremented after 
receiving each group of eight clocks; however, once 
the address counter reaches xxxxx 11 1 1 it will roll over 
to X xxxx 0000 with the next titock. After the last bit is 
clocked In no Internal write operation will occur until OS 
is brought low. 

93663 - Assume WEN has been issued. The host will 
then take CS high, and begin clocking in the start bit, 
write command and 8-bit byte address immediately 
followed by the first 16-bit word of data to be written. 

.]7i», hp^ c^n then continue clocking In 1 6-bit words of 




address. Internally the address pointer is incremented 
after receiving each group of sixteen clocks; however, 
once the address counter reaches xxxx x1 11 it will roll 
over to xxxx xOOO with the next clock. After the last bit 
is clocked in no Intemal write operation will occur until 
CS is brought low. 

Continuous Read 

This begins just like a standard read with the host 
issuing a read instruction and clocking out the data 
byte [word]. If the host then keeps CS high and 
continues generating clocks on SK, the S93662/663 
will output data from the next higher address location. 
The S93662/663 will continue incrementing the ad- 
dress and outputting data so long as CS stays high. If 
the highest address is reached, the address counter 
will roll over to address 0000. . CS going low will reset 
the Instruction register and any subsequent read must 
be initiated In the nomnal manner of issuing the com- 
mand and acMress. 
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Figure 3. Write Instruction T|||^^ 
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Figure 5. EWEN/EWDS In^ruction Timing 
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Figure 6. ERAL Instruction Timing 
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INSTRUCTION SET 



Instruction 


Start 


Opcode 


Address 


Data 


Comments 




Bit 




x8 


x16 


x8 


x16 




READ 




10 


A8-A0 


A7-A0 






Read Address AN-AO 


ERASE 




11 


A8-A0 


A7-A0 






Clear Address AN-AO 


WRITE 




01 


A8-A0 


A7-A0 


D7-D0 


D15-D0 


Write Address AN-AO 


EWEN 




00 


1 1 XXX xxxx 


1 1 XXX xxx 






Write Enable 


EWDS 




00 


OOxxx xxxx 


OOxxx xxx 






Write Disable 


ERAL 




00 


1 0xxx xxxx 


1 0xxx xxx 






Clear All Addresses 


WRAL 




00 


Olxxxxxxx 


Olxxxxxx 


D7-D0 


D15-D0 


Write All Addresses 
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ABSOLUTE MAXIMUM RATINQS* 

Temperature Under Bias -55°C to +125°C 

Storage Temperature -65°C to +150°C 

Voltage on any Pin with Respect to Ground'^' -2.oy to +Vco +2.0V 

Vcc with Respect to Ground •'SiOV to +7.0V 

Pacloge Power Dissipation Capability l^s. = 2S?C) .....m— LOW 

Lead Soldering Temperature (lOs^^ ..,..™«««„.-««™..™™«,™,„«.i™ ....^„„^„^.^„„^^t.„_m«-,J~,^-,~,>^ 300°C 

Output Short Circuit Currentf^'.... ....„,...»^„.„ ^„,„^^„.„„..™„...»i^^,.,„.„. 100 njA 

•COMMENT 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions outside of those listed in the operational sections of this specificadon is not implied. Exposure to 

any absolute maxln^um rating for extended periods may affect invjrytliniiyilt n nM tB'l n^^ 

RECOMMENDED OPERATING CONDITIONS 



Temperature 




Um ^ ■ - 


Commercial 


Oft 


+70°C 


Industrial 


•40'C 


+85°C 
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Symbol 


Parameter 


Min. 


Max. 


Units 


Reference Test Method 


NeNd(3' 


Endurance 


1 ,000,000 




Cycles/Byte 


MIL-STD-883, Test Method 1033 


Tdr(3) 


Data Retention 


100 




Years 


MIL-STD-883, Test Method 1008 


VZAP(3) 


BSD Susceptibility 


2000 




Volts 


MIL-STD-883, Test Method 3015 


Ilth(3)W 


Latch-Up 


100 




mA 


JEDEC Standatxl 17 
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D.C. OPERATING CHARACTERISTICS (over recommended operating conditions unless otherwise specified) 



Symbol 


Parameter 


Limits 


Units 


Test Conditions 


Min. 


Typ. 


Max. 


Ice 


Power Supply Current 
(Operating) 






3 


mA 


DI = 0.0V, fsK=1MHz 
Vcc = 5.0V, CS = 5.0V, 
Output Open 


ISB 


Power Supply CtifWMt 

(Standby) 






50 


ma 


08 = OV 

Reset Outputs Open 


Ili 


Input Leal<age Current 






2 


HA 


ViN = OV to Vcc 


Ilo 


Output Leal<age Current 
(Including ORG pin) 






10 


HA 


VOUT = OV to Vcc, 
CS = OV 


V|L1 
VlHI 


Input Low Voltage 
Input High Voltage 


-0.1 
2 




0.8 
Vcc+1 


V 
V 


4.5V<Vcc<5.5V 


V|L2 
VlH2 


Input Low Voia@s 
Input Higli V@N^ 




VccXO.7 




VcoXO.2 
Vcc+1 


V 
V 


1.8VSVcc<2.rV 


V0L1 
VoHl 


Output Low Voltage 
Output High Voltage 


2.4 




0.4 


V 
V 


4.5V<Vcc<5.5V 
loL = 2.1mA 
loH = -400nA 


VoL2 
VoH2 


Output Low Voltage 
Output High Voltage 


Vcc-0.2 




0.2 


V 
V 


1.8V<Vcc<2.7V 
loL = 1mA 
loH = -100nA 



Note: 

(1) The minimum DC input voltage Is -0.5V. During transitions, inputs may undershoot to -2.0V for periods of lessttian 20 ns. Maximum DC 
voltage on output pins is Vcc +0.5V, which may overshoot to Vcc +2.0V for periods of less than 20 ns. 

(2) Output shorted for no more than one second. No more than one output shorted at a time. 

(3) This parameter is tested initially and after a design or process change that affects the parameter. 

(4) Latch-up protection is provided for stresses up tfi 100 mA on address ati^.clala pins frwn -1 V to. Vcc +1 
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PIN CAPACITANCE 



Symbol 


Test 


Max. 


Units 


Conditions 


Cout(^» 


OUTPUT CAPACITANCE (DO) 


5 


PF 


VouT=OV 




INPUT CAPACITANCE (CS, SK, Dl, ORG) 


5 


PF 


ViN=OV 



Note: mifmn*i.o 
(1) This paruiwler taSHMl iMteily and after a design or pRX»ss change that affects the parameter. 



A.C. CHARACTERISTICS (over recommended operating conditions unless othenvise specified) 







Limits 










Vcc=2.7V-4.5V 


Vcc=4.5V-5.5V 




Test 


SYMBOL 


PARAIVIETER 


Min. 


Max. 


Min. 


Max. 


UNITS 


Conditions 


tcss 


CS Setup Time 


100 




50 




ns 




tCSH 


CS Hold Time 












ns 




tDIS 


Dl Setup Time 


200 




100 




ns 




toiH 


Dl Hold Time 


200 




100 




ns 




tpDI 


Output Delay to 1 




0.5 




0.25 


US 




tPDO 


Output Delay to 




0.5 




0.25 


US 


CL=100pF 


tHZ<1) 


Output Delay to High-Z 




200 




100 


ns 


tEW 


Program/Erase Pulse Width 




10 




10 


ms 




tCSMIN 


Minimum CS Low Time 


0.5 




0.25 




US 




tSKHI 


Minimum SK High Time 


0.5 




0.25 




US 




tSKLOW 


Minimum SK Low Time 


0.5 




0.25 




US 




tsv 


Output Delay to Status Valid 




0.5 




0.25 


|iS 




SKmax 


Maximum Clock Frequency 


DC 


500 


DC 


1000 


KHZ 





Note: 2012 POM -FS 1.0 



(1 ) This parameter is tested initially and after a design or process change that affects tfie parameter. 
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RESET CIRCUIT AC and DC ELECTRICAL CHARACTERISTICS 





2.7 


SVolt-A 


SVolt-B 




Symbol 




MIn 


Max 


Min 


Max 


MIn 


Max 


Unit 


Vtrip 


Reset Trip Point 


2.55 


2.7 


4.25 


4.5 


4.50 


4.75 


V 


tPURST 


Power-Up Reset Timeout 


130 


270 


130 


270 


130 


270 


ms 


tRPD 


Vtrip to RESET Output Delay 




5 




5 




5 


us 


Vrvalid 


RESET Output Valid 


1 




1 




1 




V 


tGLITCH 


Glitch Reject Pulse Width 




30 




30 




30 


ns 


VOLRS 


RESET Output Low Voltage IOL=1mA 




0.4 




0.4 




0.4 


V 


VOHRS 


RESET Output Hi^ lOH 


VCC-.75 




VCC-.75 




VCC-.75 




V 
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Figures. RFS^Tjiminn Diagram 
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Frequently the reset controller will be deployed on a PC board that provides a peripheral function to a system. 
Examples might be modem or networl< cards in a PC or a PCMCIA card in a laptop. In instances like this the peripheral 
card may have a requirement for a clean reset function to insure proper operation. The system may or may not provide 
a reset pulse of sufficient duration to clear the peripheral or to protect data stored in a nonvolatile memory. 

The I/O capability of the RESET pins can provide a solution. The system's reset signal to the peripheral can be fed 
Into the S93662/663 and it In tum can clean up the signal and provide a known entity to the peripheral's circuits. The 

figure below shows the basic timing characteristics under the assumption the reset input is shorter in duration tt)an 
tpuRST. The same reset output affect can be attained by using the active high reset input. 
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When plaiininf ycwf resiafiSR' pull-up and pull-down values, use the fotiouring chart to help determine min. resistances. 
Worst Case RESET Sink/Source Capabilities at Various Vcc Levels 



Paranmtor 


Syinbol 


Condition 


Min 


TVD 


Max 


Units 


RE^TOUIput 
Voltage 


Vol 


Vcc = 1.0V, Iol=100mA 






0.3 


V 


Vcc = 1.2V, Iol=100mA 






0.3 


V 


Vcc = 3.0V, loL=500nA 






0.3 


V 


Vcc = 3.6V, loL=500nA 






0.3 


V 


Vcc = 4.5V, Iol=750mA 






0.3 


V 




Vol 


Vcc = 1.0V, Iol=100mA 






0.4 


V 


RESET Output 
VoRage 


Vcc = 1.2V, loL=150nA 






0.4 


V 


Vcc = 3.0V, loL=750|aA 






0.4 


V 


Vcc = 3.6V, loL=1mA 






0,4 


V 


Vcc = 4.5V, loL=1mA 






0.4 


V 


RESET Output 
Voltage 


VOH 


Vcc = 1 .OV, loH=400^lA 


Vcc-0.75 






V 


Vcc = 1.2V, loH=800nA 


Vcc-0.75 






V 


Vcc = 3.0V, loH=800nA 


Vcc-0.5 






V 


Vcc = 3.6V, loH=800nA 


Vcc-0.5 






V 


Vcc = 4.5V, loH=800nA 


Vcc-0.5 






V 
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Ready/Busy Status 

During the internal write operation the S93662/663 memory array is inaccessible. After starting the write operation 
(tatting CS low) the host can rmpieiftiinmiMiiMQUt routine or alternatively it @iMMptef»p^lft^g routine that fesfis 
the state of the DO pin. 

After starting the write, testing for the status is easily accomplished by taking CS high and testing the state of DO. If 
it is law ttWiMiss Is sill ta3$» nife UK 'Mmmi iMte. If it is high the write operMion has compl<Med. 

For the polling routine the host has the option of toggling CS for each test of DO, or it can place CS high and then 
intermittently test DO. SK is not required for any of these operations. Once the device is ready, it will continue to drive 
DO high whenever the S93662/663 is selected. The ready state of DO can be cleared by clocl<ing in a start bit; this 
start bit can either be the beginning of a new command sequence or it can be a dummy start bit with CS returning low 
isefofe the ho^ issues a ammsM. 




SK 



, n n n rmmmmnmm)mm^ 



CS 



01 /xxxxxxxxxxx 



4V 

DO iJV 




'BAf- 









/ 


BtJSY / 






HIGH-Z 




STATUS CLEARED 
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SECTION 5 n«cision Reset Controller with a Watchdog Timer and a Mlcrowlre 
Nonvolatile MlMif 

S83WP46a Dual Reset \/Os mitem@Q rmmKm Wiiilmt\o^ 

in a x8 Data Configuration — 5-3 

S93VVD463 Durt Reset l/Os Wiitehdog Timer Plus 1 K Memory 

in a xt# Diit dofftfffurafion 5-3 

S9aAfD662 Dual Reset l/Os (Active High and Low) \*ftttGrtdog Timer and 4K Memory 

in a x8 Data Configuration 5-15 

S9WD663 Dual Reset l/QsCActjve High and Low) Wa^^ 



S-1 



■ 



5-2 



■^SUMMIT 

L_l MICROELECTRONICS, Inc. S93WD462/S93WD463 

Precision Supply-Voltage Monitor and Reset Controller 
With a«ie«^#9@ttair and 1k-bit Microwire Memory 



FEATURES 

• Precision Monitor & RESET Controller 

— RESET and RESET Outputs 

— Guaranteed RESET Assertion to Vcc = IV 

— 150ms Reset Pulse Width 

— Internal 1.26V Reference with ±1% Accuracy 

— ZERO External Components Required 

• Watchdog Timer 

— Nominal 1.6 Second Timeout Period 

— Reset by Any Transition of OS 

• Memory 

— 1 K-bit IVIIcrowire Memory 

— S93WD462 

- Internally Ties ORG Low 

- 100% Compatible With all 8-bit 
Implementations 

- Sixteen Byte Page Write Capability 

— S93WD463 

- Internally Ties ORG High 

- 100% Compatible With all 16-bit 
Implementations 

- Ei ght Word Page Write CapaliUity 



OVERVIEW 

The S93WD462 and S93WD463 are precision power 
supervisory circuits providing both active high and 
active low reset output. Both devices al^ incorporgts a 
watchdog timer with a nominal timeout value df 1.6 

seconds. 

Both devices have 1 k-bits of E^PROM memory that is 
accessible via the industry standard microwire bus. The 
S93WD462 is configured with an internal ORG pin tied 
low providing a 8-bit byte organization and the 
S93WD463 is configured with an intemal ORG pin tied 
high providing a 16-bit word organization. Both the 
S93WD462 and S93WD463 have page write capabil- 
ity. The devices are designed for a minimum 1 ,000,000 
program/erase cycles and have data retention In ex- 
cess of 1 00 years. 



BLOCK OiAGRAM 

- , vcc[F 
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PIN CONFIGURATKm 



DIP Package (P) 



CS IZ 
SKC 
Dl C 



DOC 4 



=1 vcc 

□ RESET 



□ RESET 
Zl GND 



SOIC Package (S) 



CS cz 

SK C 
Dl C 
DOd 4 



8 Z] Vcc 
Z3 RESET 
ZD RESET 

5 ::2 GND 



PIN FUNCTIONS 



Pin Name 


Function 


CS 


Chip Select 


SK 


Clock Input 


Dl 


Serial Data Input 


DO 


Serial Data Output 


Vcc 


+2.7 to 6.0V Power Supply 


GND 


Ground 


RESET/ReSET 


RESET I/O 



mtmtm>mmfim 



APPLICATIONS 

The S93WD462AVD463 is Ideal for applications requir- 
ing low voltage and low power consumption. This device 
provides microcontroller mSHTl^Mfol and can be 
manually resettable. 

RESET CONTROLLER DESCRIPTION 

The S93WD462/WD463 provides a precision reset con- 
troller that ensures correct system operation during 
brown-out and power-up/-down conditions. It is config- 
ured with two open drain reset outputs; pin 7 is an adlhM| 
high output and pin 6 is an active low output. 

During power-up, the reset outputs remain active until 
Vcc reaches the Vtrip threshold. The outputs will con- 
tinue to be driven for approximately 1 50 ms after reach- 
ing Vtrip. The reset outputs will be valid so long as Vcc 
is > 1 .OV. During power-down, the reset outputs will 
begin driving active when Vcc falls below Vtrip. 

The reset pins are l/Os; therefore, the S93WD462/ 
WD463 can act as a signal conditioning circuit for an 
externally applied reset. The inputs are edge triggered; 
that is, the RESET input will initiate a reset timeout after 
detecting a low to high transition and the RESET input 



— — - — • — ■; ihj i rWMa»JVi' ' 

will Initiate a reset timeout after detecting a high to low 
transition. Refer to the applications Infonmation secUon 
for more details on device operation as a deboun^ 

reset extender circuit. 

It should be noted the reset outputs are open drain. 
When used as outputs driving a circuit they need to be 
either tied high (RESET) or tied to ground (RESET) 
through the use of pull-up or pull-down resistors. Refer 
to the applications aid section for help in deterrniningtli^ 
value of resistor t o be use d. Intemaiqr!hc^||i^ tWft 
weakly pulled up (RESET) and pulled down (RESET): 
therefore, if the signals are not t>eing used the pins may 
be 1^ unconnected. ^ 

WATCHDOG TilVIER DESCRIPTION 

The S93WD462/WD463 has a watchdog timer with a 
nominal timeout period of 1 .6 seconds. Whenever the 
watchdog times out, It will generate a reset output to both 
pins 6 and 7. The watchdog timer is reset 1^ aM^ 
transition on CS. 

The watchdog timer will be held In a reset state during 
power-on while Vcc Is less than Vtrip. Once Vcc 
exceeds Vtrip the watchdog will continue to be held In 
a reset state for the tpuRST period. After tpuRsi It will be 
released and the timer will begin operation. If either reset 
input is asserted the watchdog timer will be reset and 
remain in the reset condition until either tpuBST has 
expired or the reset input is releaseci, wMchever is 
longer. 

GENERAL OPERATION 

The S93WD462/WD463 is a 1 024-bit nonvolatile memory 
intended for use with industry standard microproces- 
sors. The S93WD463 is organized as XI 6, seven 9-bit 
instructions control the reading, writing and erase 
operations of the device. The S93VVD4@2 le organized 
as X8, seven 10-bit instructions control the reading, 
writing and erase operations of the device. The device 
operates on a single 3V or 5V supply and will generate 
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on chip, the high voltage required during any write 
operation. 

Instructions, addresses, and write data are clocked into 
the Dl pin on the rising edge of the clock (SK). The DO 
pin is normally in a high Impedance state except when 
reaif^ data from the device, or when checlting the 
rM^^l^)^ iMi aUtet a write operation. 

The ready/busy status cm bedttemiined after tiie start 
of a write operation by selecting the device (CS high) 
and polling the DO pin; DO low Indicates that the write 

operation is not completed, while DO high indicates that 
the device is ready for the next instruction. See the 
Applications Aid section for detailed use of the ready 
busy status. 

The format for all instructions is: one start bit; two op 
code bits and either six (x16) or seven (x8) address or 
ins^ction bits. 



Read 

Upon receiving a READ command and an address 
(clocked into the Dl pin), the DO pin of the S93WD462/ 
WD463 will come out of the high impedance state and, 
will first output an initial dummy zero bit, then begin 
shifting out the data addressed (MSB first). The output 
data bits will toggle on the rising edge of the SK ciocic 
and are stable after the specified time deiay 

Write 

After receiving a WRITE command, address and the 

data, the CS (Chip Select) pin must be deselected for a 
minimum of 250ns (tcsMiN). The falling edge of CS will 
start automatic erase and write cycle to the memory 
location specified in the instruction. The ready/busy 
status of the S93WD462A/VD463 can be determined by* 
selecting the device and polling the DO pin. 



'SKHI 



SK 



0. Efflxm 



■dis 



VALID 



'CSS 



CS 



DO 



'DIS 



VALID 



'DIH 



'CSH 



\ / 



CSMIN 



DATAVAUD 



- xxxxxxxxxxx 



Figure 1. Sychronous Data Timing 



SK 



jnJlflTLTLJ^lJljmAAI^ 



CS _/ 



An Aim_i 



J 



STANDBY 



Ao 



DO 



HIGH-Z 



'POO 



dn dn_i Di Do 
mgmkM. llMHit IMm^Hon Timing 



HIGH-Z 



i 



Erase 

Upon receiving an ERASE command and address, the 
CS (Chip Select) pin must be deselected for a minimum 
of 250ns (tcsMiN). The falling edge of CS will start the 
auto erase cycle of the selected memory location. The 
ready/busy status of the S93WD462/WD463 can be 
determined by selecting the device and polling the DO 
pin. Once cleared, the content of a cleared location 
returns to a logical "1" staiet. 

Erase/Write Enable and Disable 

The S93WD462/WD463 powers up in the write disable 
state. Any writing after power-up or after an EWDS 
(write disable) instruction must first be preceded by the 
EWEN (write enable) instruction. Once the write in- 
struction is enabled, it will remain enabled until power to 
the device is removed, or the EWDS instruction is sent . 
The EWDS instruction can be used to disable all 
S93WD462/WD463 write and clear instructions, and 
will prevent any accidental writing or clearing of the 
device. Data can be read normally from the device 
n^aiHess of the write enipeili^^)^ status. 



S93WD462/ii@VyP463 



Erase All 

Upon receiving an ERAL command, the CS (Chip Se- 
lect) pin must be deselected for a minimum of 250ns 
(tcsMiN). The falling edge of CS will start the self clocking 
clear cycle of ail memory locations in the device. The 
clocking of the SK pin is not necessary after the device 
has entered the self clocking mode. The ready/busy 
status of the S93WD462/WD463 can be determined by 
selecting the device and polling the DO pin. Once 
cleared, the contents of all memory bits will be in a 
logical "1" state. 

Write All 

Upon receiving a WRAL command and data, the CS 
(Chip Select) pin must be deselected for a minimum of 
250ns (Icsmin). The falling edge of CS will steul ttie self 
clocking data write to all memory locaions In l}ie device. 
The clocking of the SK pin is not necessary after the 
device has entered the self clocking mode. The ready/ 
busy status of the S93WD462AA/D463 can be deter- 
mined by selecting the device and polling the DO pin. It 
is not necessary for all memory locations to be deafed 
before the WRAL command is executed. 



Page Write 

93WD462 - Assume WEN has been issued. The host 
will then take CS high, and begin clocking in the start 
bit, write command and 7-bit address immediately 
followed by the first byte of data to be written. The host 
can then continue clocking in 8-bit bytes of data with 
each byte to be written to the next higher address, 
internally the address pointer is incremented after 
receiving each group of eight clocks; however, once 
the address counter reaches xxx 1111 it will roll over 
to xxx 0000 with the next clock. After the last bit is 
clocked in no internal write operation will occur until CS 
is brought low. 

93WD463 - Assume WEN has been issued. The host 

will then take CS high, and begin clocking in the start 
bit, write command and 6-bit address immediately 
followed by the first 16-bit word of data to be written. 
The host can then continue clocking in 16-bit words of 

data with each word to be written to the next higher 

it„ . ■ - .^ . ..^ 



address. Internally the address pointer is incremented 
after receiving each group of sixteen clocks; however, 
once the address counter reaches xxx x1 1 1 it will roll 
over to XX xOOO with the next ckx:k. After the last bit is 
clocked In no internal write operation will occur until CS 
is brought low. 

Continuous Read 

This begins just like a standard read with the host 
issuing a read instruction and clocking out the data 
byte [word]. If the host then keeps CS high and 
continues generating clocks on SK, the S93WD462/ 
WD463 will output data from the next higher address 
location. The S93WD462/WD463 will continue 
incrementing the address and outputting data so long 
as CS stays high. If the highest address is reached, the 
address counter will roll over to address 0000. CS 
going low will reset the instruction register and any 
subsequent read must be initiated in the normal man- 
ner of Issuing the command and address. 
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SK 



CS 



f 



n n n n n n_h n n n rmmmmmmmk 



An an-1 



Ao Dn Do 



DO 



HIGH-Z 



'SV 



STATUS 
VERIFY 



BUSY 



STANDBY 



-*EW- 



' READY i 



HIQH-Z 



Figure 3. Write Instruction Timing 



SK njnji_jijijnJi_jTOSx xxx xxxxxxxxxxxxm 



CS 



Dl 



DO 



1 1 1 



HIGH-Z 



Figure 4. Erase Instruction Timing 



STATUSVERIPr 

♦-tcs 

-ss 



V 



SfAN^Y 



^BUSYy READY 



'EW- 



t 



«HZ 



HISH-Z 



SK 



M«a»r 



' ENABLE=1 1 
OISABLE=00 



Figure 5. EWEN/EWDS instruction Timing 
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SK 



cs 



Dl 



DO 



J 



jmnjiJTrLrinj mmm mmmwm 



\o / T\o 



STATUS VERIFY 

*-*cs 



tsv" 



STANDBY 



-tHZ 



HIQH-Z 



Figure 6. ERAL Instruction Timing 



SK 



CS 



DO 



RJiJiJirLnjTJ'lrLrL/lj 



7WWW 



Jl — 

/ STAIJ 



'SV" 



STAIMll^iFY 
»CS 



STANDgY 



'HZ 



HIGH-Z 



FIgurB 7. WRAL Instruction Timing 



INSTRUCTION SET 



InrtrueHon 


Start 
Bit 


Opcode 


Address 


Data 


Comments 


x8 


x16 


x8 


x16 


READ 




10 


A6-A0 


x(A5-A0) 






Read Address AN-AO 


ERASE 




11 


A6-A0 


x(A5-A0) 






Clear Address AN-AO 


WMTE 




01 


A6-A0 


x(A5-A0) 


D7-D0 


D15-D0 


Write Addi^KS AN-AO 


EWEN 




00 


1 1 xxxxx 


11XXXX 






Write Enable 


EWDS 




00 


OOxxxxx 


OOxxxx 






Write Disable 


ERAL 




00 


10XXXXX 


10XXXX 






Clear All Addresses 


WRAL 




00 


Olxxxxx 


Olxxxx 


D7-D0 


D15-D0 


Write All Addresses 
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ABSOLUTE MAXIMUM RATHH^ 

Temperature Under Bias „,...,.„.,.„., ,„,.,.,...^„,,,.,..„,_... _ -55°C to +125°C 

Storage Temperature ,..,.„.^'^^.,.,.„.,...^..M^.,...^n*„^^..-^i....... -65°C to +1 50°C 

Voltage on any Pin with Respect to Ground'^' , -2.0V to +Vcc +2.0V 

Vcc with Respect to Ground -2.0V to +7.0V 

Package Power Dissipation Capability (Ta = 25°G) ...,js.......,...,.,.y«-„»-,.™«..,™, r^.-,-^^-~,-,^f^~ - 1 OW 

Lead Soldering Temperature (10 sees) „i...u..w,»....«.,-«»«^».^.-»»..TO™^.«.«w-.»^^ 300°C 

Output Short Circuit Current'^). „ .,...„ 100 mA 

•COMMENT 



Stresses above ttKJse listed urider "Absolute Maxinnurn l^dingsT may cause peimarierrt dar^ 
operation erf the devics at ttiese or any other conditkins outside of those lislBd In 
any absolute maximum rating for extended periods may affect devtee ps^MtnaMiaW wiBWIi y. 
RECOMIUENDED OPERATING CONDITIONS 



Temperature 


MIn 




Commeicial 


0°C 




Industrial 


-40°C 





2029 PGM T7.0 



RELIABILITY CHARACTERISTICS 



Symbol 


ParametiM- 


Min. 


Max. 


Units 


Reference Test Method 


NeNd(3' 


Endurance 


1,000,000 




Cycles/Byte 


MIL-STD-883, Test Method 1033 


Tdr(3) 


Data Retention 


100 




Years 


MIL-STD-883, Test Method 1008 


VZAP(3' 


ESD Susceptibility 


2000 




Volts 


MIL-STD-883, Test Method 3015 


Ilth(3)(4) 


Utoh-Up 


100 




inA 


JEDEC Standard 17 
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D.C. OPERATING CHARACTERISTICS (over recommended operating conditions unless otherwise specified) 







LImlU 






Symbol 


Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


Ice 


Power Supply Current 
(Operating) 






3 


mA 


DI = O.OV, fsK=1MHz 
Vcc = 5.0V, CS = 5.0V, 
Output Open 


ISB 


Power Supply Cunmt 

(Standby) 






50 




CS = 0V 

Reset Outputs Open 


Ili 


Input Leakage Current 






2 


ma 


ViN = OV to Vcc 


Ilo 


Output Leakage Current 
(Including ORG pin) 






10 


HA 


VouT = OV to Vcc, 
CS = OV 


V|L1 
V|H1 


Input Low Voltage 
Input High Voltage 


-0.1 
2 




0.8 
Vcc+1 


V 
V 


4.5V<Vcc<5.5V 


VlL2 

V|H2 


Input Low Voltage 
IripLit High Voltage 




VccXO.7 




VccXO.2 
Vcc+1 


V 

V 


1 .8V<\A -7" 


V0L1 
V0H1 


Output Low Voltage 
Output High Voltage 


2.4 




0.4 


V 
V 


4.5V<Vcc<5.5V 
loL = 2.1mA 
loH = -400|iA 


V0L2 

Vofe 


Output Low Voltage 
Output High Voltage 


Vcc-0.2 




0.2 


V 
V 


1 .8V<Vcc<2.7V 
loL = 1mA 
IOH = -100nA 
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Note: 

(1) The minimum DC Input voltage is -0.5V. During transitions, inputs may undershoot to -2.0V for periods of less than SO ns. Ma)dmum I3C 
voltage on output pins is Vcc +0.5V, which may overshoot to Vcc +2.0V for periods of less than 20 ns. 

(2) Output shorted for no more than one second. No more than one output shorted at a time. 

(3) This parameter is tested initially and after a design or process change that affects the parameter. 

(4) Utoh-ijp pfOteeBon is pim^^ fer timim up tg 1. jgjoA Bp address and de^i^ jj^ -tVte -tjV. 
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PIN CAPACITANCE 



Symbol 


Test 


Max. 


Units 


Conditions 


C0UT<1> 


OUTPUT CAPACITANCE (DO) 


5 




VouT=OV 


C|N<1) 


INPUT CAPACITANCE (CS, SK, Dl, ORG) 


5 


PF 


ViN=OV 



Note: 

(1) ThispaianwtertetB$la# 



IMd'dMir a design or process change thstt affects the parameter. 
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A.C. CHARACTERISTICS (over recommended operating conditions unless othenvlse specified) 







Limits 










Vcc=2.7V-4.5V 


Vcc=4.5V-5.5V 




Test 


SYMBOL 


PARAMETER 


Min. 


Max. 


MIn. 


Max. 


UNITS 


Conditions 


less 


CS Setup Time 


100 




50 




ns 




tCSH 


CS Hold Time 












ns 




tots 


Dl Setup Time 


200 




100 




ns 




toiH 


Dl Hold Time 


200 




100 




ns 




tPD1 


Output Delay to 1 




0.5 




0.25 


US 




tPDO 


Output Delay to 




0.5 




0.25 


US 


Cl = lOOpF 


tHzd) 


Output Delay to High-Z 




200 




100 


ns 


tEW 


Program/Erase Pulse Width 




10 




10 


ms 




tCSMIN 


Minimum CS Low Time 


0.5 




0.25 




US 




tSKHI 


Minimum SK Higli Time 


0.5 




0.25 




US 




tSKLOW 


Minimum SK Low Time 


0.5 




0.25 




US 




tsv 


Output Delay to Status Valid 




0.5 




0.25 


US 




SKmax 


Maximum Clock Frequency 


DC 


SCO 


DC 


1000 


KHZ 





Note: 

(1) This parameter is tested initiany and after a design or process ctKuigetfiot affects the parameter. 
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RESET CIRCUIT AC and DC ELECTRICAL CHARACTERISTICS 





2.7 


5 Volt-A 


5 Volt-B 




Symbol 




Min 


Max 


Min 


Max 


Min 


Max 


Unit 


Vtrip 


Reset Trip Point 


2.55 


2.7 


4.25 


4.5 


4.50 


4.75 


V 


tPURST 


Power-Up Reset Timeout 


130 


270 


130 


270 


130 


270 


ms 


tRPD 


Vtrip to RESET Output Delay 




5 




5 




5 


MS 


Vrvauid 


RESET Output Valid 


1 




1 




1 




V 


tGLITCH 


Glitch Reject Pulse Width 




30 




30 




30 


ns 


VOLRS 


RESET Cu.p^. ■,-_,„;ao - 






0.4 




0.4 


V 


VOHRS 


RESET Output High lOH 


VGC-.75 




VCC-.75 




Vce-.75 




V 



-i^- ..Jig J-H- 
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Vtrip— ■ 



WSVALID- 

vcc ' 



*GLITCH 



RESET 



RESET 




tpPD 



-tpURST 



■tRPD 



f^re 8. RESET Timing Diagram 
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Frequently the reset controller will be deployed on a PC board that provides a peripheral function to a system. 
Examples might be modem or network cards in a PC or a PCMCIA card in a laptop. In instances lil<e this the peripheral 
card may have a requirement for a clean reset function to insure proper operation. The system may or may not provide 
a reset pulse suffkaent duration to dear the peripheral or to protect data stored in a nonvolatile memory. 

The I/O capability of the RESET pins can provide a solution. The system's reset signal to the peripheral can be fed 
into the S93WD462/WD463 and it in tum can clean up the signal and provide a known entity to the peripheral's circuits. 
The figure below shows the basic timing characteristics under the assumption the reset input is shorter in duration 
than tpuRST- The same reset output affect can be attained by using the active high reset input. 



RESET 
Input 

RESET 
Output 



Output 



r 



■ tPURST ■ 



J 



r 



When pl^wtKigfemr r^istor putl-up and puU-dowmiMlMaBi iipiMrfiltpKii|||)<4ptto help determine min. rraistwices. 
Worst Case RESET Sink/Source Capabilities at Various Vcc Levels 







Condition 


Min 


Tro 


Max 


Units 


VolUige 


Via. 


Vcc = 1.0V, Iol=100mA 






0.3 


V 


Vcc = 1.2V, loL=100tiA 






0.3 


V 


Vcc = 3.0V, Iol=500mA 






0.3 


V 


Vcc = 3.6V, Iol=500mA 






0.3 


V 


Vcc = 4.5V, Iol=750mA 






0.3 


V 


RESET Output 
VoKage 


Vol 


Vcc = 1.0V, loL=100nA 






0.4 


V 


Vcc = 1.2V, Iol=150mA 






0.4 


V 


Vcc = 3.0V, loL=750nA 






0.4 


V 


Vcc = 3.6V, loL=1 mA 






0.4 


V 


Vcc = 4.5V, loL=1 mA 






0.4 


V 


RESET Output 
Voltage 


VOH 


Vcc = 1.0V, loH=400nA 


Vcc-0.75 






V 


Vcc = 1.2V, Ioh=800mA 


Vcc-0.75 






V 


Vcc = 3.0V. Ioh=S00mA 


Vcc-0.5 






V 


Vcc = 3.6V, loH=800nA 


Vcc-0.5 






V 


Vcc = 4.5V, loH=800(iA 


Vcc-0.5 






V 
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Ready/Busy Status 

During the internal write operation ttie S93WD462/WD463 memory array is inaccessible. After starting the write 
operation (taking CS low) the host can irnplement a 10ms timeout routine or aitematf\wfy it can empkiy a pdllngn^ 

that tests the state of the DO pin. 

After starting the write, testing for the status is easily accomplished by taking CS high and testing the state of DO. If 
it is low the device is still busy with the IntwtWl tt tt is tM» liiSwsM) 1im-&m^!i»s4. 

For the polling routine the host has the option of toggling CS for each test of DO, or It can place CS high and then 
Intermittently test DO. SK Is not required for any of these operations. Once the device is ready, It will continue to drive 
DO high whenever the S93WD462/WD463 is selected. The ready state of DO can be cleared by clocking in a start 
bit; this start bit can either be the beginning of a new command sequence or it can be a dummy start bit with CS returning 
tow before the host issues a new command. 



SK 



CS 



Dl 



DO 




STATUS CLEATS 
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I^SUMMIT 

L I MICROELECTRONICS, Inc. 



S93WD662/S93WD663 



Precision Supply-Voltage Monitor and Reset Controller 
With a Watchdog Hmer and 4li*Mt W m m i ^ 'mmmef 



FEATURES 

• FrecMon Monitor & RESET Controller 

— RESET and RESET Outputs 

— Guaranteed RESET Assertion to Vcc = 1V 

— 200nis Reset Puise Width 

— Internai 1.26V Reference with ±1% Accuracy 

— ZERO External Componante Requirad 

• Watchdog Timer 

— Nominal 1.6 Second Timeout Period 

— Reset by Any Transition of CS 

• Memory 

— 4K-bit iVIicrowire Memory 

— S93WD662 

- Internally Ties ORG Low 

- 100% Compatible With all 8-bit 
implementations 

- Sixteen Byte Page Write Capability 

— S93WD663 

- Internally Ties ORG High 

- 100% Compatible With all 16-btt 
implementations 

- Ei^ Word Page Write C^iiaMlity 



OVERVIEW 

The S93WD662 and S93WD663 are precision power 
supervisory circuits providing both active high and 
active low reset outputs. Both devices incorporate a 
watchdog timer with a nomin^ Dmeout value of 1.6 

seconds. 

Both devices have 4l<-bits of E^PROM memory that is 
accessible via the industry standard microwire bus. The 
S93WD662 is configured with an intemal ORG pin tied 
low providing a 8-bit byte organization and the 
S93WD663 is configured with an internal ORG pin tied 
high providing a 16-bit word organization. Both the 
S93WD662 and S93WD663 have page write capabil- 
ity. The devices are designed for a minimum 1 ,000,000 
program/erase cycles and have data rBtentl(»i in «^ 
cess of 100 years. 
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PIN CONFIGURATION 



EHP 



SOIC Package (S) 



CSC 
SKC 
Die 



DOC 4 



H VCC 

□ RESET 

□ RESET 



CS C 
SKC 
Die 



::] vcc 

RESET 
RESET 



PIN FUNCTIONS 



Pin Name 


Function 


CS 


Chip Select 


SK 


Clock Input 


Dl 


Serial Data Input 


DO 


Serial Data Output 


Vcc 


+2.7 to 6.0V Power Supply 


GND 


Ground 







DEVICE OPERATION 
APPLICATIONS 

The S93WD662/WD663 is ideal for applications requir- 
ing low voltage and low power consumption. Tiiis device 
provides microcontroller RESET amltt^ wd can be 
manually resettable. 

RESET CONTROLLER DESCRIPTION 

The S93WD662/WD663 provides a precision reset con- 
troller that ensures correct system operation during 
brown-out and power-up/-down conditions. It is config- 
ured witl) two open drain reset outputs; pin 7 is an active 
high and pih 6 Is m KMi tow otMjaUt. 



During power-up, the reset 3U|illts remain active until 
Vcc reaches the Vtrip threshold. The outputs will con- 
tinue to be driven for approximately 200ms after reach- 
ing Vtrip. The reset outputs will be valid so long as Vcc 
is > 1 .OV. During power-down, the reset outpute will 
begin driving active when Vcc falls below Vtrip. 

The reset pins are l/Os; therefore, the S93WD662/ 
WD663 can act as a stabilization circuit for an externally 
applied reset. The inputs are edge triggered; that is, the 
RESET input will initiate a reset timeout after detecting 



a low to high transition and the RESET input will initiate 
a reset timeout after detecting a high to low transition. 
Refer to the applications Information section for more 
details on device operation as a debounce/reset ex- 
tender circuit. 

It should be noted the reset outputs are open drain. 
When used as outputs driving a circuit they need to be 
either tied high (RESET) or tied to ground (RESET) 
through the use of pull-up or pull-down resistors. RsiM' 
to the applications aid section for help in tile^rrruning the 
value of resistor t o be use d. Internally pins are 
weakly pulled up (RESET) and pulled down (RESET): 
therefore, if the signals are not being used the pins may 
be 1^1 



WATCHDOG TIMER DESCRIPTION 

The S93WD662/WD663 has a watchdog timer with a 
nominal timeout period of 1 .6 seconds. Whenever the 
watchdog times out, it will generate a reset output to both 
pins 6 and 7. Tht» WMMi^ %mit is reset by any 

transition on CS. 

The watchdog timer will be held in a reset state during 
power-on while Vcc is less than Vtrip. Once Vcc 
exceeds Vtrip the watchdog will continue to be held in 
a reset state for the tpuRST period. After Ipurst it will be 
released and the timer will begin operation. If either 
reset input is asserted the watchdog timer will be reset 
and remain in the reset condition until eiflisrtpUHST 
expired or the reset input is released, whfediewMr is 
longer. 

GENERAL OPERATION 

The S93WD662/WD663 is a 4096-bit nonvolatile memory 
intended for use with industry standard microprciQes- 
sors. The S93WD663 is organized as Xi e, seven 1 14M 
instructions control the reading, writing and erase op- 
erations of the device. The S93WD662 is organized as 
X8, seven 12-bit instructions control the reading, writing 
and erase operations of the device. The device operates 
on a single 3V or 5V supply and will generate on chip, the 
high voltage required during any write operation. 



zmiiiatistM 
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Irt^udttons, addresses, andwlto date are clocked into 
the Dl pin on tiie rising edge of tlie docl< (SK). The DO 
pin is normally in a high impedance state except when 
reading data from the device, or when chedting the 
ready/busy status after a write operation. 

The ready/busy status can be determined after the start 
of a write operation by selecting the device (CS high) 
iiid pplling, the DO pin; DO low indicates that the write 
ipi^MMmt@9iliM0€:iNie DO high indicates that 

■§m- ''^M@B Is 'fs^ tor Iw ^isitf .insMtofr '§iii..|lie' , 
..is^^iiStxSmm Mi^ m0^. tar-'MMeii mm '@f 'Wm- 
imsY status. 

The format for all instructions is: one start bit; two op 
code bits and either eight (x16) or nine {x8) address or 
in^ruction bits. 



Read 

Upon receiving a READ command and an address 
(clocked into the Dl pin), the DO pin of the S93WD662/ 
WD663 will come out of the high impedance state and, 
will first output an initial dummy zero bit, then begin 
shifting out the data addressed (MSB first). The output 
data bits will toggle on the rising edge of the SK clock 
and are stably the specified time delay 
(tPDo or tpDl). 

Write 

/Wter receiving a WRITE command, address aiMHW 
data, the CS (Chip Select) pin must be deselected for a 
minimum of 250ns (tcsMiN). The falling edge of CS will 
start automatic erase and write cycle to the memory 
location specified in the instruction. The ready/busy 
status of the S93WD662/WD663 can be determined by 
selecting the device and polling the DO pin. 



SK 



m 



CS 



'dis 



Lcm — ^ 



'CSH 



VALID 



'CSS 



'DIS 



VALID 



'DIH 



'PD0,'PD1 



'CSMIN 



DATAVALID 



PIgure 1 . Syehronous Data Timing 



SK 



H'cs 



CS 



J 



STANDBY 



A^4 An_i Ao 



DO 



'PDO~^ 



HIGH-Z 



Rgure 2. Bead Instruction Timing 
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Erase 

Upon receiving an ERASE command and address, the 

CS (Chip Select) pin must be deselected for a minimum 
of 250ns (tcsMiN)- The falling edge of CS will start the 
auto erase cycle of the selected memory location. The 
ready/busy status of the S93WD662AA/D663 can be 
determined by selecting the device and polling the DO 
pin. Once cleared, the content of a cleared location 
returns 1@sic^esl*f*j^eii. • 

Erase/Write Enable and Disable 

The S93WD662/WD663 powers up in the write disable 
state. Any writing after power-up or after an EWDS 

(write disable) instruction must first be preceded by the 
EWEN (write enable) instruction. Once the write in- 
struction is enabled, it will remain enabled until power to 
the device is removed, or the EWDS instruction is sent . 
The EWDS instruction can be used to disable all 
S93WD662/WD663 write and clear instructions, and 
will prevent any accidental writing or clearing of the 
device. Data can be read normally from the device 
regardlli^Qf Hie write enable/disable status. 



Erase All 

Upon receiving an ERAL command, the CS (Chip Se- 
lect) pin must be deselected for a minimum of 250ns 
(Icsmin)- The falling edge of CS will start the self clocking 
clear cycle of all memory locations in the device. The 
clocking of the SK pin is not necessary after the device 
has entered the self clocking mode. The ready/busy 
status of the S93WD662/WD663 can be determined by 
selecting the device and polling the DO pin. Once 
cleared, the contents of all memory bits return to a 
logical 'r state. 

Write All 

Upon receiving a WRAL command and data, the CS 
(Chip Select) pin must be deselected for a minimum of 

250ns (tcsMiN). The falling edge of CS will start the self 
clocking data write to all memory locations in the device. 
The clocking of the SK pin is not necessary after the 
device has entered the self clocking mode. The ready/ 
busy status of the S93WD662/WD663 can be deter- 
mined by selecting the device and polling the DO pin. It 
is not necessary for all memory locations to be cleared 
before IbsJdfBAL command Is executed. 



Page Write 

93WD662 - Assume WEN has been issued. The host 
will then take CS high, and begin clocking in the start 
bit, write command and 9-bit byte address immediately 
followed by the first byte of data to be written. The host 
can then continue clocking In 8-bit bytes of data with 
each byte to be written to the next higher address. 
Internally the address pointer is incremented after 
receiving each group of eight clocks; however, once 
the address counter reaches x xxxx 11 1 1 it will roll over 
to x xxxx 0000 with the next clock. After the last bit is 
clocked In no Internal write operation will occur until CS 
is brought low. 

93WD663 - Assume WEN has been issued. The host 
will then take CS high, and begin clocking in the start 
bit, write command and 8-bit byte address immediately 
followed by the first 16-bit word of data to be written. 
The host can then continue clocking in 1 6-bit words of 



address. Internally the address pointer is Incremented 
after receiving each group of sixteen clocks; however, 
once the address counter reaches xxxx x11 1lt will roll 
over to xxxx xOOO with the next clock. After the last bit 
is clocked in no internal write operation will occur until 
CS is brought low. 

Continuous Read 

This begins just like a standard read with the host 
issuing a read instruction and clocking out the data 
byte [word]. If the host then keeps CS high and 
continues generating clocks on SK, the S93W0662/ 
WD663 will output data from the next higher address 
location. The S93WD662/WD663 will continue 
incrementing the address and outputting data so long 
as CS stays high. If the highest address is reached, the 
address counter will roll over to address 0000. . 
CS going low will reset the instruction register and any 
subsequent read must be initiated in the normal 
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SK n n n n n n h n n h I mmmmxmxxxxxx 



J 



An an-1 



Ao Dn Do 



PI 



DO 



1 \ d / * 



HIGH-Z 



•sv 



STATUS 
VERIFY 



BUSY 



STANDBY 



" READY i 



-•ew- 



HIGH-Z 



f^gpl^.tptte InstrueHon Timing 



SK 



n n n n n n h I mxxmmxxxxxxxxxmxM 



cs 



Dl 



DO 



1 1 1 



An An-1 Ao 



HIGH-Z 



'>') 

STATUS VERIFY 
CS 



STANDBY 



-'ew- 



^BUSYy READY V 



'HZ 



HIGH-Z 



Figure 4. Erase Instruction Timing 
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Figure S. EWEN/EWDS Instruction Timing 
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SK 



cs 



Dl 



DO 



J 



n Rfin n n n n nm^xxxxxxxxxxxxmrnxxxxx 



\ / STAT 



HIGH»Z 



STATUS VEFUFY 

•^'cs 



«SV" 



STANDBY 



READY 



HZ 



Figures. ERAL Instruction Timing 



SK 



n n n n n n n n_ n p fl[ pMmxxxxxxmyw 

/ STATU 



m /~r \o 0/ 



-BO ' 



STATUS VH^IFY 

■^•cs 



■SV" 



STANDBY 



^usvy 



F^iure 7. WRAL Instruction Timing 
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INSTRUCTION SET 



Instruction 


Start 


Opcode 


Address 


Data 






Bit 




x8 


x16 


x8 


x16 




READ 


1 


10 


A8-A0 


A7-A0 






Read Address AN-AO 


ERASE 


1 


11 


A8-A0 


A7-A0 






Clear Address AN-AO 


WRITE 


t 


01 


A8-A0 


A7-A0 


D7-D0 


D15-D0 


Write Address AN-AO 


EWEN 


1 


00 


Hxxxxxxx 


11XXXXXX 






Write Eneiis 


EWDS 


1 


00 


OOxxx xxxx 


OOxxx XXX 






Write Disable 


ERAL 


1 


00 


1 0xxx xxxx 


1 0xxx xxx 






Clear All Addresses 


WRAL 


1 


00 


01 XXX xxxx 


01xxx xxx 


D7-D0 


D15-D0 


Write All Addresses 
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ABSOLUTE MAXIMUM RATINGS* 

Twnperature Under Bias „ „.....™..i'€8«C to +125-C 

Storage Temperature , — -65"C to tt^C 

Voltage on any Pin with Respect to Ground'^) -2^te +Vo»-^lfi 

Voc with Respect to Ground -S.OV te *?jW 

Package Power Dissipation Capability (Ta = 25°C) 1.iOW 

Lead Soldering Temperature (10 sees) 300°C 

Output Short Circuit Current*^) 100 mA 

•COMMENT 



Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to ttie device. These are stress ratings only, and functional 
operation of the device at these or any other conditions outside of those listed in the operational sedttK<lliMB>'Spadfie<diDn Is not bnpHed. Eapdsurato 
any absolute maximum rating for exterxJed periods may affect device performance and reliability. 

RECOMMENDED OPERATING CONDITIONS 



Temperature 


MIn 


Max 


Commercial 


0°C 


+70°C 


Industffal 




-t6S°C 
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Symbol 


Parameter 


Min. 


Max. 


Units 


Reference Test Method 


NeNd(3) 


Endurance 


1,000,000 




Cycles/Byte 


MIL-STD-883, Test Method 1033 


TdrO) 


Data Retention 


100 




Years 


MIL-STD-883, Test Method 1008 


VZAP'3' 


ESD Susceptibility 


2000 




Volts 


MIL-STD-883. Test Method 301 5 


lL-m(3)(4) 


Latch-Up 


100 




mA 


JEDEC Standard 17 
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p.C. OPERATINg CWUIAGTBMSIl^ iBliW iteoBWHS^^ unless olhwili»-ape^ec^ 







Limits 






Symbol 


Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


Ice 


Power Supply CurilWt 
(Operating) 






3 


mA 


Dl = 0.0V, fsK= 1MHz 
Voc = 5.0V, CS = 5.0V, 
Output Open 


ISB 


Power Supply Current 

(Standby) 






50 


ma 


CS = 0V 

Reset Outputs Open 


lu 


Input Leakage Current 






2 


ma 


ViN = OV to Vcc 


Ilo 


Output Leakage Current 
(Including ORG pin) 






10 


(lA 


VouT = OV to Vcc, 
CS = OV 


ViLI 
VlHI 


Input Low Voltage 
Input High Voltage 


-0.1 
2 




0.8 
Vcc+1 


V 
V 


4.5V^cx>cS.5V 


V|L2 
V|H2 


Input Low Voltage 
Input High Voltage 




VccXO.7 




VccXO.2 
Vcc+1 


V 
V 


1.8V<Vcc<2.7V 


VOLI 
VoHl 


Output Low Voltage 
Output l-ttgh Voltage 


2.4 




0.4 


V 

V 


4.5V<Vcc<5.5V 
l0L = 2.1mA 
loH = -400nA 


Voi2 

VoH2 


Output Lew Voltage 
Output High Voltage 


Vcc-0.2 




0.2 


V 
V 


1.8V^CC<2.7V 

loLslmA 

ldH=-100MA 



2013PGMT31.1 



Note: 

(1) The minimum DC input voltage is -0.5V. During transitions, inputs may undershoot to -2.0V for periods of less than 20 ns. Maximum DC 
voltage on output pins is Vcc +0.5V, which may overshoot to Vcc +2.0V for periods of less than 20 ns. 

(2) Output shorted for no more than one second. No more than one output shorted at a time. 

(3) This parameter is tested initially and after a design or process change that affects the parameter. 

(4) Latch-up protection is provided for stresses up to 100 mA on address and data pins from -IV to Vcc -t-1V. 

5sti 
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PIN CAPACITANCE 



Symbol 


Test 


Max. 


Units 


Conditions 


C0UT<1) 


OUTPUT CAPACITANCE (DO) 


5 


PF 


VouT=OV 




INPUT cAiFmmmm'^'Wkm. org) 


5 


pF 


ViNsOV 



Note: 2013PGMT41,0 

(1) This paramo Is tested initially and alMr«<tMp! wpu BB igi iaBaaS B that Erffecis im§mii^m/lk. 



A.C. CHARACTERISPt^lfiMK^IiiMMMMIl^pUnQ conditions unless othenwise specified) 







Limits 










Vcc=2.7V-4.5V 


Vcc=4.5V-5.5V 




Test 


SYMBOL 


PARAMETER 


Min. 


Max. 


Min. 


Max. 


UNITS 


Conditions 


toss 


CS Setup Time 


100 




50 




ns 




tCSH 


CS Hold Time 












ns 




tDIS 


Dl Setup Time 


200 




100 




ns 




toiH 


Dl Hold Time 


.200 




100 




ns 




tPD1 


Output Delay to 1 




0.5 




0.25 


US 




tPDO 


Output Delay to 




0.5 




0.25 


US 


CL = 100pF 


1H2<1) 


Output Delay to High-Z 




200 




100 


ns 


tEW 


Program/Erase Pulse ¥W(iit'«-^ •• 




10 




10 


ms 




tcSMIN 


Minimum CS Low Time 


0.5 




0.25 




US 




tSKHI 


Minimum SK High Time 


0.5 




0.25 




(IS 




tSKLOW 


Minimum SK Low Time 


0.5 




0.25 




US 




tsv 


C'utp.., . 




0.5 




0.25 


MS 




SKmax 


Ma»nwm Clodf Rpi|Eii^6|r 


ijj©. ■ 




DC 


1000 


KHZ 





Note: POM T6 1.0 

(1) lW»«»inieter Is tested tl;iiliH^iKM«ller c^^ cMMie «iat affects nteigmmmni. 
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RESET CIRCUIT AC and DC ELECTRICAL CHARACTERISTICS 





2.7 


5Valt>A 


5 Volt-B 




Symbol 


PsramBliF 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 


Vtmp 


Reset Trip Point 


2.55 


2.7 


4.25 


4.5 


4.50 


4.75 


V 


tPURST 


Power-Up Reset Timeout 


130 


270 


130 


270 


130 


270 


ms 


tRPD 


Vtrip to RESET Output Delay 




5 




5 




5 


MS 


Vrvalid 


RESET Output Valid 


1 




1 




1 




V 


tGLITCH 


Glitch Reject Pulse Width 




30 




30 




30 


ns 


VOLRS 


RESET Output Low Voltage IOL=1mA 




0.4 




0.4 




0.4 


V 


Voms 


M^ET Output High loH 


VCC-.75 




VCC-.75 




Vcc-.TS 




V 
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tRPD 
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FlguPB 8. RESET Timing Diagram 
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Q. 



«5> 
> 

<5' 



Frequently the reset controller will be deployed on a PC board that provides a peripheral function to a system. 
Examples might be modem or network cards in a PC or a PCMCIA card in a laptop. In instances like this the peripheral 
card may have a requirement for a clean reset function to insure proper operation. The system mayor may not provide 

a reset pulse of sufficient duration to clear the peripheral or to protect data stored in a nonvolatile memory. 

The I/O capability of the RESET pins can provide a solution. The system's reset signal to the peripheral can be fed 
into the S93WD662/WD663 and it in tum can clean up the signal and provide a known entity to the peripheral's circuits. 
The figure below shows the basic timing characteristics under the assumption the reset input is shorter in duration 
than tpuRST- The same reset output affect can be attained by using the active high reset inpirt. 



RESET 
Input 

RESET 
Output 



RESCT 
Ou^Mit 



r 



■ tpURST 



J 



r 
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When plannirg your r^^stor pull-up apd puU-i^wn values, use the following chart to help determine min. resistances. 
Worst Case RESET Sink/Souree Capabilities at Various Vcc Levels 



PanuiMlwr 


Symbol 


Condition 


Mln 




Max 


Units 


RESET Ou^MJt 
Voltage 


Vol 


Vcc = 1.0V, Iol=100mA 






0.3 


V 


Vcc = 1.2V, loL=100(iA 






0.3 


V 


Vcc = 3.0V, Iol=500mA 






0.3 


V 


Vcc = 3.6V, Iol=500mA 






0.3 


V 


Vcc = 4.5V, loL=750fiA 






0.3 


V 


RE^ro^iiiitit 
Volts^ 


Vol 


Vcc = 1.0V, Iol=100mA 






0.4 


V 


Vcc = 1.2V. loL=150nA 






0.4 


V 


Vcc = 3.0V, loL=750nA 






0.4 


V 


Vcc = 3.6V, loL=1mA 






0.4 


V 


Vcc = 4.5V, l0L=1mA 






0.4 


V 


RESET Output 
Voltage 


Vqh 


Vcc = 1.0V, Ioh=400mA 


Vcc-0.75 






V 


Vcc = 1.2V, ioH=800MA 


Vcc-0.75 






V 


Vcc = 3.0V, loH=800nA 


Vcc-0.5 






V 


Vcc = 3,6V. loH=800uA 


Vcc-0.5 






V 


Vcc = 4.5V, loH=800nA 


Vcc-0.5 






V 
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Ready/Busy Status 

During the internal write operation the S93WD662/WD663 memory array is inaccessible. After starting the write 
operation (taking CS low) the host can imfd^enta 1OmsUiTieoutroutlne^ign0mlN^%«lM«^ routine 
that tests the state of the DO pin. 

After starting the write, testing for the status is easliy accomplished by taking CS high and testing the stete of tX). If 

it is low the device is still busy with the internal write. If it is high the write operation has completed. 

For the polliris routine the host has the option of toggling CS for each test of DO, or it can place CS high and then 
intennRler%tHrt DO. ^ is oijt required for any of these operations. Once the device is ready. It will conttnue to MS 
DO high wtianwar tits S93WD662/WD663 is selected. The ready state of DO can t>e cleared by chaddng in s ai«t 
bit; this start biteariiMherbe the beginning of anew conriniand sequence or it can tieadumrny start bitwM 
Um before the host issues a new command. 



n n n rmmm)mmmmmm 




DO SV 



STATUS CLEARED 
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SECTION 6 Voltage Supervisory Circuits Integrated with a PC Nonvolatile Mmiery 

S4242 Voltage Supervisor with 4K-bit E^PROM Memory 6-3 

S42WD42 Voltage Supervisor and Watchdog with 4K-bit E^PROM Memory 6-17 

84261 Voltage Supervisor with 16K-bit E^PROM Memory 6-31 

S42WD61 Voltage Supervisor and Watchdog with 16K-bit E^PROM Memory 6-45 
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SUMMIT 

MICROELECTRONICS, Inc. 



S4242 



Precision Voltage Supervisory Circuit 
and 4K ilemory 



3 and 5 Volt Systems 



FEATURES 

• Precision Dual Voltage lUlonltor 

- Automatic Vcc Suppiy iVIonitor 

- Duai reset outputs for complex 
microcontroller systems 

- Integrated memory write lockout function 

- No external components re<fMlil 

• Second voltage monitor output 

- Separate Vlow output 

- @«HMii«lwiMMl«iptto MCU 

- OwitllflWrfiEier for dual supply systems 

- Guaranteed output assertion to Vcc ^ IV 

• Memory Internally Organized 51 2K X 8 

- Two Wire Serial Interface (1%***) 

• High Reliability 

- Endurance: 1 ,000,000 erase/tvrNe cycles 

- Data retention: 100 years 

• 8-Pin PDIP or SOIC Packages 



OVERVIEW 

The 84242 is a precision power supervisory circuit. It 
automatically monitors tlie device's Vcc level (3V or 5V) 
and will generate a reset output on two complementary 
open drain outputs, in addition to the Vcc monitoring, the 
S4242 also provides a second voltage comparator input. 
This input has an indep endent o pen drain output that can 
be wire-OR'ed with the RESET I/O or it can be used as a 
system interrupt. 

Hm ii^4t aise tos m integrated 4K-bit nonvMttei 
mmnory. The memory conforms to the industry standard 
two-wire serial interface. 



BLOCK DIAGRAM 
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vccfT> 
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MEMORY 
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PIN CONFIGURATIONS 



PIN NAMES 




Symbol 



Vlow 



RESET 



VsENSE 



Vss 



SDA 



SCL 



RESET 



Vcc 



Pin 



Description 



Open Drain Output Active 

When VsENSE is < 1 .24V 



Active Low RESET Input/Output 



Second Monitor Voltage Input. 
Wiien less than 1 .24V the 



Vlow output will be driven 



Analog and Digital Ground 



Serial Memory Input/Output 
data line 



Serial Memory clocl< input 



Active High RESET Input/Output 



Supply Voltage 



VCX;= 3.0 Or 5.0 a 



-t-Vbat to regulator 




INTO (P1.5) 

8051 Type MCU 

RSI 

SCL (PO.O) 
SDA (P0.1) 



HGURE1. TYPICAL SYSTEM CONFIGURATION 
USING A PUSH BUTTON RESET AND BATTERY MONITOR CIRCUIT 



S4242 



VCC = 5.0±10% 

A 



Second Card Voltage 



S4242/S42WD42 



-1^ VLOW voc 
-C RESET RESET 
HZVSENSE SCL 
-r~ GND SDA 



Zl 



|2C 

Peripheral 



-C 
C 

IZ 



RESET 



SCL 



SDA 3 



General Purpose MCU 

SCL 
SDA 



RGURE 2. TYPICAL SYSTEM CONFIGURATION FOR DUAL RESET WITH Vcc MONITOR AND 3.3VOLT MONITOR 
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ABSOLUTE MAXIMUM RMMiS 



Temperature Under Bias -40°C to +85°C 

Storage Temperature -65°C to +1 25°C 

Soldering Temperature (less than 10 seconds) 300°C 

Supply Voltage to 6.5V 

Voltage on Any Pin -0.3V to Vcc+0.3V 

ESD Voltage (JEDEC method) 2,000V 



NOTE: These are STRESS ratings only. Appropriate conditions for operating these devices are given elsewhere in this specification. Stresses 
beyond those listed here may permanently damage the part. Prolonged exposure to maximum ratings tnay affeet device reliability. 



RECOMMENDED OPERATING CONDITIONS 



Temperature 


Min 


Max 


Commercial 


0°C 


+70°C 


Industrial 


-40°C 


+85°C 
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DC ELECTRICAL CHARACTERISTICS (over recommended operating conditions unless othenn/ise specified) 



Symbol 


Parameter 


Conditions 


MIn 


Max 


Units 


Ice 


Supply Current (CMOS) 


SCL = CMOS Levels « lOOKMz 

SDA = Open 

All other inputs = GND or Voc 


Vcc=5.5V 




3 


mA 


Vcc=3.3V 




2 


mA 


ISB 


Standby Current (CMOS) 


SCL = SDA = Vcc 
All other inputs = GND 


Voc=5.5V 




50 


ma 


Vcc=3.3V 




25 


ma 


lu 


Input Leakage 


ViN = To Vcc 




10 


HA 


Ilo 


Output Leal<age 


VouT = To Vcc 




10 


\xA 


ViL 


Input Low Voltage 


SCL, SDA, RESET (pin 2) 




0.3xVcc 


V 


VlH 


Input High Voltage 


SCL, SDA, RESET (pInT) 




0.7xVcc 


V 


Vol 


Output Low Voltage 


l0L = 3mA SDA 




0.4 


V 



SOtOPQMtSLO 



AC ELECTRICAL CHARACTERISTICS 



(over recommended ope-adng conditions unless otherwise specified) 


2.7V to 4.5V 


4.5V to 5.5V 




Symbol 




CondlUoiM 


Min 


Max 


Min 


Max 


Units 


fsCL 


SCL Clock Frequency 







100 




400 


KHz 


tLOW 


Clock Low Period 




4.7 




1.3 




(IS 


tHIGH 


Clock High Period 




4.0 




0.6 




us 


tBUF 


Bus Free Time 




4.7 




1.3 




(IS 


tSU:STA 


Start Condition Setup Time 




4.7 




0.6 




us 


tHDrSTA 


Start Condition Hold Time 




4.0 




0.6 




(is 


tsu:sro 


Stop CorxMion Setup Time 




4.7 




0.6 




us 


tAA 


Clock to Output 


SCL Low to SDA Data Out Valid 


0.3 


3.5 


0.2 


0.9 


US 


tOH 


Data Out Hold Time 


SCL Low to SDA Data Out Change 


0.3 




0.2 




(IS 


tR 


SCL and SDA Rise Time 






1000 




300 


ns 


tF 


SCL and SDA Fall Time 






300 




300 


ns 


tSU:OAT 


Data In Setup Time 




250 




100 




ns 


tHO;DAT 


Data In Hold Time 














ns 


Tl 


Noise Spike Width 
©SCL, SDA Inputs 


NolGe &n>'ee8ion Tnie Constant 




100 




100 


ns 


IWR 


Write Cyde Time 






10 




10 


ms 
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CAPACITANCE 

Ta = 25°C, f = 100Kh. 



Symbol 


Parameter 


Max 


Units 


CIN 


Input Capacitance 


5 


PF 


Coot 


Output Capacitance 


8 


PF 



2a2apeMTiM>, 



tR 



tH IGH tLOW 



tSUiSTO 



SCL 



SDAIn 



tHD:DAT r 



) tSU:DAT 



tBUF 



X 



tAA 



—►I 1— tDH 



SDA Out 



FIGURE 3. BUS TIMING 











SCL 






\ r 






START 








Condition 




SDAIn 






— 



STOP 
Condition 



FIGURE 4. START AND STOP CONDITIONS 
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FIGURE S. RESET OUTPUT TIMING 



RESET CIRCUIT AC and DC ELECTRICAL CHARACTERISTICS 



Ta = -40°C to +85°C 


84242-2.7 


S4242-A 


S4242-B 




Symbol 


Parametar 


MIn 


Max 


MIn 


Max 


MIn 


Max 


Unit 


Vtrip 


Reset Trip Point 


2.55 


2.7 


4.25 


4.5 


4.5 


4.75 


V 


tPURST 


Power-Up Reset Timeout 


130 


270 


130 


270 


130 


270 


ms 


tRPD 


Vtrip to RESET Output Delay 




5 




5 




5 


lis 


Vrvaud 


RESET Output Valid 


1 




1 




1 




V 


tGLITCH 


Giitch Reject Pulse Widtfi 




30 




30 




30 


ns 


VOLRS 


RESET Output Low Voltage loL= trtiA 




0.4 




0.4 




0,4 


V 


VOHRS 


RESET Output High Voltage lOH = 800 jiA 


VCC-.75 




VCC--75 




VCC--75 




V 


VsenseT 


Voltage Sense Trip Point 


1.22 


1.25 


1.22 


1.25 


1.22 


1.25 


V 


VsENSfH 


Voltage Sense Hysteresis 




10 




10 




10 


mV 
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PIN DESCRIPTIONS 

Serial Clock (SCL) - The SCL input is used to clock data 
into and out of tlie device. In the WRITE mode, data must 
remain stable while SCL is HIGH. In the READ mode, data 
is clocked mi its Mihii ledlis eK'WSL.. 

Serial Data (SDA) - The SDA pin is a bidirectional pin 
used to transfer data into and out of the device. Data may 
change only when SCL is LOW, except START and STOP 
conditions. It Is an open-drain output and may be wire- 
ORed with any number of opeivdailNsr.iilMMS0Hector 
outputs. 



f?E5ET- RESET is an active low open-drain output. It 
should be tied high through a pull-up resistor connected 
to Vcc. RESET is an I/O, therefore it may also be used to 
condition a RESET signal generated by another device; it 
can also be used to debounce a pushbutton input. 

RESET - RESET is an active high open drain (PFET) 
output. It should be tied low through a pull-down resistor 
connected to ground. RESET is an I/O, therefore it may 
also be used to condition a RESET signal generated by 

another device. 

VsENSE - The VsENSE input is used as a second voltage 
sensing input. The pin is tied to a comparatorthat uses the 
precision internal 1 .24V reference. 



Vlow -llM^^^otil^lS'an open drain which is driven 
low whenever the Vsense input is less than 1 .24V. For 
correct operation this output should be tied high through 
a pull-up resistor connected to Vcc- 



ENDURANCE AND DATA RETENTION 

The 84^42 is designed for applications requiring 
1 ,000,000 erase/write cycles and unlimited read cycles. It 
provides 100 years of secure data retention, with or 
without power applied, after ttie execution of 1 ,000,000 
erase/write cycles. 

Reset Controlier Descrlpffon 

The S4242 provides a precision RESET controller that 
ensures correct system operation during brown-out and 

power-up/-down conditions. It is configured with two open 
drain RESET outputs; pin 7 is an active high output and 
pin 2 is an active low output. For proper operation pin 7 
should be tied low through a pull-down resistor while pin 



During power-up, the RESET outputs remain active until 
Vcc reaches the Vtrip threshold and will continue driving 
the outputs for approximately 200ms after reaching Vtrip. 
The RESET outputs will be valid so long as Vcc is > 1 .OV. 
During power-down, the RESET ou^ts will begin driving 
active when Vcc falls below Vtrip. 

The RESET pins are l/Os; therefore, the S4242 can act as 
a signal conditioning circuit for an externally applied reset. 
The inputs are edge triggered; that is, the RESET Input 
will initiate a reset timeou t after detecting a low to high 
transition and the Hbst i input will initiate a reset timeout 
after detecting a high to low transition. Refer to the 
applications information section for more details on de- 
vice operation as a reset conditioning circuit. 

Voltage Sensor Description 

The S4242 provides an additional voltage sensor which is 
Internally compared to the internal 1 .24 volt reference 
volt age. W henever the Vsense input is below 1 .24 volts, 
the Vlow output will be driven low. An external resistor 
divider is used to set the desired system trip voltage. 

This input can be used in two manners. Tlie first example 
might be to sense unregulated DC or battery voltage in a 
battery powered application and to generate an interrupt 

in the case of either a low voltage from the battery or the 
failure of power in the system. The system power supply 
can then be designed to insure that the output capaci- 
tance is high enough to provide sufficient time to perform 
housekeeping tasks, such as the storing of the system 
status in the E^PROIVI, priorto the assertion of the RESET 
signal. (Figure 1) -^^ . 

The second use for this input might be to sense a second 
power supply level, su ch as 3 .3 volts in a dual voltage 
system. In this case, the Vlow output could be connected 
to the RESET ou^ut togenerate a reset condition when- 
ever e0i0i^$(0 W^^^ (Figure 2) 
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FIGURE 6. ACKNOWLEDGE RESPONSE FROM RECEIVER 



ACKnowledge . 



CHARACTERISTICS OF THE 1% Bl^ 
General Description 

The 1% bus was designed for two-way, two-line serial 
communication between different integrated circuits. The 
two lines are: a serial data line (SDA), and a serial clock 

line (SCL). The SDA line must be connected to a positive 
supply by a pull-up resistor, located sonnewhere on the 
bus (See Figure 1). Data transfer between devices may 
be initiated with a START condition only when SCL and 
SDA are l-IIGH (bus is not busy). 

Input Data Protocol 

One data bit Is transferred during each clock pulse. The 
data on the SDA line must remain stable during clock 
HIGH time, because changes on the data line while SCL 
is HIGH will be Interpreted as Start or stop comflfion, refer 
to Figure 4. 

START and STOP Conditions 

When both the data and clock lines are HIGH, the bus is 
said to be not busy. A HIGH-to-LOW transition on the data 
line, while the clock is HIGH, is defined as the "START" 
condition. A LOW-to-HIGH transition on the data line, 
while the clock is HIGH, is defined as the "STOP* condi- 
tion (See Figure 4). 

DEVICE OPERATION 

The S4242 is a 16K-bit serial E2pROM. The device 
supports the I^C bidirectional data transmission protocol. 
The protocol defines any device that sends data onto the 
bus as a "transmitter" and any device which receives data 
as a "receiver. " The device controlling data transmission 
is called the "master" and the controlled device is called 
the "slave." In all cases, the S4242 will be a "slave" 
device, since it never initiates any data transfers. 

Acitnowledge (ACK) 

Acknowledge is a software convention used to indicate 
suocessful data transfers. The transmitting device, either 
the master or the slave, will release the bus after transmit- 
ting eight bits. During the ninth clock cycle, the receiver 



will pull the SDA line LOW to ACKnowledge that it re- 
ceived the eight bits of data (See Figure 6). 

The S4242 will respond with an ACKnowledge after 
recognition of a START condition and its slave address 
byte. If both the device and a write operation are selected, 
the S4242 will respond with an ACKnowledge after the 
receipt of each subsequent 8-bit word. 

In the READ mode, the S4242 transmits eight bits of data, 
then releases the SDA line, and monitors the line for an 
ACKnowledge signal. If an ACKnowledge is detected, 
and no STOP condition is generated by the master, the 
S4242 will continue to transmit data. If an ACKnowledge is 
not detected, the S4242 will terminate further data trans- 
missions and awaits a STOP condition before returning to 
the standby power mode. 

Device Addressing 

Following a start condition the master must output the 
address of the slave it is accessing. The most significant 
four bits of the slave address are the device type identifier 
(see figure 7). For the S4242 this is fixed as 1010[B]. 

Word Address 

The next two bits are don't care. The next bit is an 
tension of the array's address and is concatenated with 
the eight bits of address in the word address field, provid- 
ing direct access to the 512 X 8 array. 

Read/Write Bit 

The last bit of the data stream defines the operation to be 
performed. When set to "1 ," a read operation is selected; 
when set to "0," a write operation is selected. 



DEVICE 
IDENTIFIER 



DON'T CARE 





1 










1 1 


1 





1 





X 


X 


A8 R/W 
1 1 
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WRITE OPERATIONS 

The S4242 allows two types of write openMons: byte 

Me Ml MS. W»'t^iiilim-tipS^mn writes a 
single byte during thie nonvolatile write period (twR)- TIM 
page write operation allows up to 16 bytes in the same 
page to be written dMiiK^ twt- 

Byte WRITE 

After the sl^ste mMmm la wmA #e MiMl% the slave 
device, specify high order word address and a read or 
write operation), a second byte is transmitted which 
contains the low 8 btt aMmsms mjf one of the 512 
words in the array. 

Upon receipt of M tMOKl address, the S4242 responds 
wWi an AC^^KMdwisa Mm rao^ving ttie next byte of 
tif^ t £il#» «ii^)c«Ml»liM The mas- 

ter then tamMaM tw transfer by generating a STOP 
condition, at wfileli time the S4242 begins the intemal 
write cycle. 

While the intemal write cycle is in progress, the S4242 
Inputs mte^iammta,mi^9m'dmm^'mil^ma^(xvi to any 
requests 1mm the wmslm. iMn! % Plgsm9 ler the 
address, AOCriiniiM^and diMMn8l#%e«^»riee. 



Page WRITE 

The S4242 is capable of a 16-byte page write operation. 
It is initiated in the same manner as the byte-write opera- 
tion, but instead of temilnating the write cycle afterthe first 
dtta word, the master can transmit up to 1 5 more worcte 
of data. After the receipt of each word, the S4242 wW 
respond with an ACKnowIedge. 

The S4242 automatically Increments the address for 
subsequent data words. After the receipt of each word, 
the four low order address bite are internally in^'enMM 
by one. The high order five bite of the addre^^^ renffidn 
constant. Should the master transmit more than sixteen 
words, prior to generating the STOP condition, the ad- 
dress counter will "roll over," and the previously written 
data will be overwritten. As with the byte-write operation, 
all inputs are disabled during the internal write cycle. 
Refer to Figure 8 for the address, ACKnowIedge and data 
feBnsfer sequenee. 



AdoiowledgBs Transmitted from 
4242 to Master Receiver 



SDA \ 
Bus I 
Activity 



I I I I I I I 

Word Address 
I 



If single byte-write only, 
Stop bit issued fiere. 



I I I I I I I 
Data Byte n 





I 



Acl<nowledges Transmitted from 
4242 to Master Receiver 



I I I I I I I 
Data Byte n+1 



I I I I I I r 
Data Byte n+1 5 
I I I I I I I 



|o|i |o 



Device 
Type 
Address 



a] A A A A A A aI 
7l6l5l4l3l2lllo| 



jDppppppD 



ppppppppl, 

i7l6l5l4l3l2ll I 



p p p p p p p p 

I7I6I5I4I3I2I1 lo 



ReadAVrite 
0= Write 



Slave Address 



Master Sends Read 
Request to Slave 



Master Ti^smitter 

to 

^ve Receiver 



Master Writes Word 
Address to Slave 



Master Transmitter 

to 

Slave Receiver 



Master Writes 
Data to Slave 



Master Transmitter 
to 

Slave Receiver 



Master Writes 
Data to Slave 



Master Transmitter 
to 

Stave Receiver 



Master Writes 
Data to Slave 



Master Transmitter 
to 

Slave Receiver 



Slave Transmitter 



Master Receiver 



Slave Transmitter 



Slave Transmitter 



Slave Transmitter 



Slave Transmitter 



FIGURE 8. PAGE/BYTE WRITE MODE 
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Acknowledge Polling 

When the S4242 is performing an internal WRITE opera- 
tion, it will ignore any new START conditions. Since the 
device will only return an acknowledge ^er it accepts the 
START, the part can be continuously queried until an 
acknowledge is issued, indicating that ttie internal WRITE 
cycle is complete. 

To poll the device, give it a START condition, followed by 
a stave address for a WRITE operation (See Figure 7). 



Interna] WRITE Cycle 
In Progress; 
Begin ACK Polling 



4 - 






Issue Start 






Issue Slave 








Addrannd 
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ACk \ No 
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Wes (Internal WRITE Cycl* Is 



Issue Byte 
Address 






PracMdwWi 
WMTE 





Issue Stop 



Await Next 
Command 
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FIGURE 9. ACKNOWLEDGE POLLING 



READ OPERATIONS 

Read operations are initiated with the R/W bit of the 
identifk»tion field set to "1 There are fourdifferent read 
options: 

1 . Current Address Byte Read 

2. Random Address Byte Read 

3. Current Address Sequential Read 

4. Random Address SequentWI Asiid 

Current Address Byte Read 

The S4242 contains an internal address counter which 
maintains the address of the last word accessed, 
incremented by one. If the last address accessed (either 
a read or write) was to address location n, the next read 
operation would access data from address location n+1 
and increment the current address pointer. When the 
S4242 receives the slave address field with the R/W bit 
set to "1 ," it issues an acknowledge and transmits the 8- 
blt word stored at address location n+1 . 

The current address byte read operation only accesses a 
single byte of data. The master does not acknowledgethe 
transfer, but does generate a stop condition. At this poirrt, 
the S4242 discontinues data transmission. See 
Figure 1 for the address acknowledge and data transfer 
sequence. 



SDA Bus Activity 




FIGURE 10. CURRENT ADDRESS BYTE READ MODE 
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Random Address Byte Read 

Random address read operations allow the master to 
access any memory location in a random fashion. This 
operation involves a two-step process. First, the master 
issues a write command which includes the start condi- 
tion and the slave address field (with the R/W bit set to 
WRITE) followed by the address of the word It is to read. 
This procedure sets the tnterrial iiNMieMlilMSr of the 
S4242 to the desifed address. 



After the word address acknowledge is received by the 
master, the master immediately reissues a start condition 
followed by another slave address field with the R/W bit 
set to READ. The S4242 will respond with an acknowl- 
edge and then transmit the 8-data bits stored at the 
addressed location. At this point, the master does not 
acknowledge the transmission but does generate the stop 
condition. The S4242 discontinues data transmission and 
reverts to Ite standby power mode. See Figure 1 1 frn'Mm--. 
Bgkksss, acknowledge and data transfer secpMnde. ;m. 
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FIGURE 11. RANDOM ADDRESS BYTE READ MODE 
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Sequmtlal READ 

Sequential READs can be inWated as either a cunent 
address READ or random access READ. The first word is 
transmitted as with the other byte read modes (current 
address byte READ or random address byte READ); 
however, the master now responds with an ACKnowledge, 
indicating that it requires additional data from the S4242. 
The S4242 continues to output data for each 
ACKnowledge received. The master terminates the se- 
quential READ operation by not resporKling with an 
ACI^owledge, and issues a STOP condttions. 



During a sequential read operation, the Internal address 
counter is automatically incremented with each acicnowl- 
edge signal. For read operations, all address bits are 

incremented, allowing the entire array to be read using a 
single read command. After a count of the last memory 
address, the address counter will 'roll-over' and the 
memory will continue to output data. See Figure 1 2 for the 
address, adoiowledge and data tranter sequence. 
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FIGURE 12. SEQUENTIAL READ OPERATION (starting wRh a Random Atklrus READ) 
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Q. 



> 
<5" 



Frequently the reset controller will be deployed on a PC board that provides a peripheral function to a system. 
ExarnRles tnigMbe iMdem or network cards in a PC or a PCMCIA card in a laptop. In instances likefliisttie peripheral 
^aiiidflMyt^iv9araquirementfQraGleanF@«^ 

t fesiM pulse of safRdent duratKmfb d^ar tfre pe^ a nonvolatile memory. 

The I/O capability of the RESET pins can provide a solution. The system's reset signal to the peripheral can be fed 
Into the S4242 and it In turn can clean up the signal and provide a known entity to the peripheral's circuits. The figure 
belawstawB the basic timing characteristics under the assumption the reset input is shorter In duration than tpuRsr. 
The same reset ou^ut affect can be attained by using the active high reset input. 
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When planning your resistor pull-up and pull-down values, use the following chart to N^HiMmine min. resisteuices. 
WoraS Case fl^it Sinl^SiiiWB* ©apabtllties at Various Vcc Levels 



Parameter 


SymlMi 


Condition 


iHin 


Typ 


Max 


Units 




Vol 


Vcc = 1.0V, loL=100nA 






0.3 


V 


RESET Output 
Voltage 


Vcc = 1.2V, loL=100nA 






0.3 


V 


Vcc = 3.0V. Iol=500mA 






0.3 


V 


Vcc = 3.6V, Iol=500mA 






0.3 


V 


Vcc = 4.5V, loL=750nA 






0.3 


V 




Vol 


Vcc = 1.0V, Iol=100hA 






0.4 


V 


RESETOutput 
Voltage 


Vcc = 1.2V, loL=150|aA 






0.4 


V 


Vcc = 3.0V, loL=750nA 






0.4 


V 


Vcc = 3.6V, ioL=1mA 






0.4 


V 


Vcc = 4.5V, loL=1 mA 






0.4 


V 


RESET Output 
Voltage 


VOH 


V(!cs1.0V, i@MMOO)iA 


Vcc-0.75 






V 


Vcc = 1.2V, Ioh=800mA 


Vcc-0.75 






V 


Vcc = 3.0V, Ioh=800|jA 


Vcc-0.5 






V 


Vcc = 3.6V, loH=800nA 


Vcc-0.5 






V 


Vcc = 4.5V, loH=800pA 


Vcc-0.5 






V 
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SUMMIT 

MICROELECTRONICS, Inc. 



S42WD42 



Precision Voltage Supervisory Circuit 
Wtth VMli^iios'nfner imi 4IC 1% Memory 



3 and 5 Volt Systems 



FEATURES 

• Prectston Dual Voltage Monitor 

- Automatic Vcc Supply Monitor 

- Dual reset outputs tor complex 
microcontroller systems 

- Integrated memory write lockout function 

- No external components required 

• Second voltage monitor output 

- Separate Vlow output 

- Generates interrupt to MCU 

- Generates RESET for dual supply systems 

- Guaranteed output assertion to Vcc ^ 1 V 

• Watchdog Timer 

- Nominal 1.6 second Timeout 

• Memory Internally Organized 512K X 8 

- Two Wire Serial Interface 

• High Reliability 

- Endurance: 1,000,000 erase/write cycles 

- Data retention: 100 years 

• 8-Pin PDIP or SOIC Packages 



OVERVIEW 

The S42WD42 is a precision power supen/lsory circuit. It 
automatically monitors the device's Vcc level (3V or 5V) 
and will generate a reset output on two complementary 
open drain outputs. In addition to the Vcc monitoring, the 
S42WD42 also provides a second voltage comparator 
input. This input has an independent open drain output 
that can be wire-OR'ed with the RESET I/O or it can be 
Hs^ as a syslan Irf^Mrtp^ ' 

In addition to the reset circuitry, the S42WD42 also has a 
watchdog timer. The nominal timeout period is 1,6 sec- 
onds. If the watchdog is not cle^^wMn 1.6 seconds ft> 

will generate a reset condition. 

The S42WD42 also has an integrated 4K-blt nonvolatile 
memory. The memory conforms to ttie industry Standard 
two-wire serial interface. 
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PIN CONFIGURATIOIIS 



PIN NAMES 




Symbol 



Vlow 



RESET 



VsENSE 



GND 



SDA 



SCL 



RESET 



Vcc 



Pin 



Description 



Open Drain Output Active 
When VsENSE is < 1 .24V 



Active Low RESET Input/Output 



Second Monitor Voltage Input. 
When less than 1 .24V the 
Vlow output will be driven 



Analog and Digital Ground 



Serial Memory Input/Output 
data line 



Serial Memory clocl< input 



Active High RESET Input/Output 



Supply Voltage 




-t-Vbat to regulator 



Vbat Trip 



VCC= 3.0 Or 5.0 A 



S4242/S42WD42 

!=|- 



C RESET RE^ H 



VLOW 



Vcc 



VSENSE SCL 



GND 



SDA U 



I^C 
Peripheral 



HZ 

iz 



RESET 



SO. 
SDA 



□ 
3- 



INTO (PI .5) 

8051 TypB MCU 
RST 

SCL (PO.O) 
SDA (P0.1) 



RGURE 1. TYPICAL SYSTEM CONFIGURATION 
USING A PUSH BUTTON RESET AND BATTERY MONITOR CIRCUIT 
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VP 



Second Card Voltage 
3.0V ±5% 



W^«S.0±1O% 

A 



S4242/S42WD42 



VLOW vcc Zl 



RESET RESET Zl 
VSENSE SCL 3- 
GND SDA Zh 



Peripheral 



RESET 



Zl 



SDA 



5* 



General Purpose MCU 

SCL 
SDA 



REiBf 



3aitlUA.1 

FIGURE 2. TYPICAL SYSTEM CONHGURAHON FOR DUAL RESET WITH Vcc MONITOR AND S^OLT MONITOR 
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ABSOLUTE MAXIMUM RATINGS 



Temperature Under Bias -40°C to +85°C 

Storage Temperature -65°C to +1 25°C 

Soldering Temperature (less than 10 seconds) 300°C 

Supply Voltage to 6.5V 

Voltage on Any Pin -0.3V to Vcc+0.3V 

ESD Voltage (JEDEC method) 2,000V 



NOTE: These are STRESS ratings only. Appropriate conditions for operating these devices are given elsewhere in this specification. SbBsses 
beyond those listed here may permanently damage the part. Prolonged exposure to maximum ratings may affect device reliability. 



RECOMMENDED OPERATING CONDITIONS 



Temperature 


MIn 


Max 


Commercial 




+70°C 


Industrial 


-40^C 


+85 C 



2022 PGM T1.0 



DC ELECTRICAL CHARACTERISTICS (over recommended operating conditions unless olhenwise specified) 



Symbol 


Para meter 


Conditions 


MIn 


Max 


Units 


Ice 


Supply Current (CMOS) 


SCL = CMOS Levels e 100KHZ 

SDA = Open 

All other inputs = GND or Vco 


Vcc=5.5V 




3 


mA 


Vcc=3.3V 




2 


mA 


ISB 


Standby Current (CMOS) 


SCL = SDA = Vcc 
All other inputs = 6ND 


Vcc=5.5V 




50 


HA 


Vce=3.3V 




25 


HA 


lu 


Input Lealoge 


ViN = To Vcc 




10 


HA 


Ilo 


Output Leakage 


VouT = To Vcc 




10 


HA 


Viu 


Input 1.0W Voltage 


SCL, SDA, RESET (pin 2) 




0.3xVcc 


V 


VlH 


input High Voltage 


SCL, SDA, RESET (pinT) 




0.7xVcc 


V 


Vol 


Output Low Voltage 


loL = 3mA SDA 




0.4 


V 
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AC ELECTRICAL CHARACTERISTICS 



(over recommended operating conditions unless othenwise specified) 


2.7V to 4.5V 


4.5V to 5.5V 




Symbol 


Parameter 


Conditions 


iMin 


iVIax 


Min 


h/lax 


Units 


fsCL 


SCL Clock Frequency 







100 




400 


KHz 


tLOW 


Clock Low Period 




4.7 




1.3 




us 


tHIQH 


Ctock High Period 




4.0 




0.6 




(iS 


tBUF 


Bus Free Time 


Before Now Transmission 


4.7 




1.3 




US 


tSU:STA 


Start Condition Setup Time 




4.7 




0.6 




^1S 


tHD:STA 


Start Condition HoM Time 




4.0 




0.6 




US 


tSUrSTO 


Stop Conditton Setup Time 




4.7 




0.6 




(IS 


tAA 


Clock to Output 


SCL Low to SDA Data Out Valid 


0.3 


3.5 


0.2 


0.9 


US 


tOH 


Data Out Hold Time 


SCL Low to SDA Data Out Change 


0.3 




0.2 




US 


tR 


SCL and SDA Rise Time 






1000 




300 


ns 


tF 


SCL and SDA Fall Time 






300 




300 


ns 


tSU:DAT 


Data In Setup Time 




250 




100 




ns 


tHD:DAT 


Data In HoM Time 














ns 


Tl 


Noise Spike Width 
e SCL, SDA Inputs 


Noise Suppieaslon Time Constant 




100 




100 


ns 


tWR 


Write Cycle Time 






10 




10 


ms 
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CAPACITANCE 

TA = ^'^,f=100KHz 





Parameter 


Max 




afti 


Input CapaciUuice 


5 


PF 








PF 
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tR 



tH IGH tLOW 



tSU:STO 



SCL 



SDAIn 



] ISIKSDA ,tHO:SOA 



lAl ' ' 



itSlfcMT 



tBUF 



-//- 



tAA 



— : tDH 



SDAOut 



FIGURES. BUSTWaMt 
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STOP 
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FIGURE 4. START AND STOP CONDITIONS 



6-21 



S42WD42 



vcc 



RESET 




•glitch 




tp PD 



-•PURST 
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HQURES. RESET OUTPUT TIMING 



RESET CIRCUIT AC aniOt llLiGTRiOAL CHARACTERISTICS 



Ta = -40°C to +85°C 


S42WD42-2.7 


S42WD42-A 


S42WD42-B 




Symbol 




Min 


Max 


Min 


Max 


Min 


Max 


Unit 


Vtrip 


Resrt Trip Point 


2.55 


2.7 


4.25 


4.5 


4.5 


4.75 


V 


tPURST 


Power-Up Reset Timeout 


130 


270 


130 


270 


130 


270 


ms 


tRPD 


Vtrip to RESET Output Delay 




5 




5 




5 


^ls 


Vrvaud 


RESET Output Valid 


1 




1 




1 




V 


tGLITCH 


Glitch Reject Pulse Width 




30 




30 




30 


ns 


VOLRS 


RESET Output Low Voltage loL= 1mA 




0.4 




0.4 




0.4 


V 


VOHRS 


RESET Output High Voltage lOH = 800 )iA 


VCC-.75 




VCC-.75 




VCC-.75 




V 


VsenseT 


Voltage Sense Trip Point 


1.22 


1.25 


1.22 


1.25 


1.22 


1.25 


V 




l^^Voltage Sense Hystereste 




10 




10 




10 


mV 
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PIN DEieflPTiMS 

Serial Clock (SCL) - The SCL input is used to clocl< data 
f!:te and eut of the deyice. In the WRITE mode, data must 
mmSn steSte wMfie^L ts HIGH. In the READ mode, data 
is clocl<ed out on the falling edge of SCL. 

Serial Data (SDA) - The SDA pin is a bidirectional pin 
used to transfer data into and out of the device. Data may 
0mfm Qn'y when SCL is LOW, except START and STOP 
em0Bem. it is an open-^l^n and may be wire- 
©Red wfth any number of open-dram or open-collector 
outputs. 

RESET - RESET is an ai^# te(s? ^en-drain output. It 
should be tied h igh through a pull-up resistor connected 
to Vqc. RE SET Is an I/O, therefore it may also be used to 
@iPiM al^^f^s^fMl gMPtod by another device; It 
tSRtaSo fte iiswJ'i© efeboiffiss a pushbutton Input. 

RESET - RESET is an active high open drain (PFET) 
output. It should be tied low through a pull-down resistor 
connected to ground. RESET is an I/O, therefore It may 
also be it$s4 1@ condition a RE§ET signal ptii^ated by 
anotherdiwiee. ' 

VsENSE - The VsENSE input is used as a second voltage 
sensing input. The pin is tied to a comparator that uses the 
pt^^on internal 1.24V referent®. 

Vlow - The Vlow output is an open drain which is driven 
low whenever the Vsense input is less than 1 .24V. For 
correct operation this output should be tied Mpl ti^fi^pit 
a pull-up resistor connected to Vcc. 

ENDURANCE ANS OlffA Mf^MM 

The S42WD42 is designed for applications requiring 
1 ,000,000 erase/write cycles and unlimited read cycles. It 
provides 100 years of secure data retention, with or 
without power applied, after the execution of 1 ,000,000 
e^g^wrtte cycl^. 

Reset Controller Description 

The S42WD42 provides a precision RESET controller 
that ensures correct system operation during brown-out 
and power-up/-down conditions. It is configured with two 
open drain RESET outputs; pin 7 is an active high output 
and pin 2 Is an active low output. For proper operation pin 
7 should be tied low through a piil><Mi resistor while pin 
i stould be tied high through a eomvented fei Vcc. 



During power-up, the RESET outputs remain acflve until 
Vcc reaches the Vtrip threshold and will continue driving 
the outputs for approximately 200ms after reaching Vtrip. 
The RESET outputs will be valid so long as Vcc is > 1 .OV. 
During power-down, the RESET outputs will begin driving 
active When Vcc falls below y-mm* 

The RESET pins are l/Os; therefore, -the S42WD42 can 
act as a signal conditioning circuit for an externally applied 
reset. The inputs are edge triggered; that is, the RESET 
input will initiate a reset timeout after detecting a low to 
high transition and the RESET input will initiate a reset 
timeout after detecting a high to low transition. Referto the 
applications Information section for more details on :^ffy 
vice operation as a reset conditioning circuit. 

Voltage Sensor Description 

The S42WD42 provides an additional voltage sensor 
which is internally compared to the internal 1.24 volt 
reference volt age. W henever the Vsense input is below 
1 .24 volts, the Vlow output will be driven low. An external 
resistor divider is used to set the desired system trip 
voltage. 

This input can be used in two manners. The first example 
might be to sense unregulated DC or battery voltage in a 
battery powered application and to generate an interrupt 
in the case of either a low voltage from the battery or the 
failure of power in the system. The system power supply 
can then be designed to insure that the output capaci- 
tance is high enough to provide sufficient time to perform 
housekeeping tasks, such as the storing of the system 
status in the E^PROM.priorto the assertion of the RESET 
signal. (Figure 1) 

The second use for this Input might be to sense a second 
power supply level, su ch as 3 .3 volts In a dual voltage 
system. In this case, the Vlow output could be connected 
to the RESET output to generate a reset condiflon when- 
ever either supply is not valid. (Figure 2) 
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FIGURE 6. ACKNOWLEDGE RESPONSE FROM RECEIVER 



CHARACTERISTICS OF THE 1% BUS 
General Description 

The 1% bus was designed for two-way, two-line serial 
communication between different integrated circuits. The 
two lines are: a serial data line (SDA), and a serial cloci< 
line (SCL). The SDA line must be connected to a positive 
supply by a pull-up resistor, located somewhere on the 
bus (See Figure 1). Data transfer between devices may 
be initiated with a START condition only when SCL and 
SDA are HIGH (bus is not busy). 

Input Data Protocol 

One data bit is transferred during each clock pulse. The 
data on the SDA line must remain stable during clock 
HIGH time, because changes on the data line while SCL 
is HIGIH will be interpreted as Start or stop oonditton. refer 
to Figure 4. 

START and STOP Conditions 

When both the data and clock lines are HIGH, the bus is 
said to be not busy. A HIGH-to-LOW transition on the data 
line, while the clock Is HIGH, Is defined as the "START' 
condition. A LOW-to-HIGH transition on the data line, 
while the clock is HIGH, is defined as the "ST^" condi- 
tion (See Figure 4). 

DEVICE OPERATION 

The S42WD42 is a 16K-blt serial E2pR0M. The device 
supports the 1^0 bidirectional data transmission protocol. 
The protocol defines any device that sends data onto the 
bus as a "transmitter" and any device which receives data 
as a "receiver." The device controlling data transmission 
is called the "master" and the controlled device is called 
the "slave." In all cases, the S42WD42 will be a "slave" 
device, since it never Initiates any data transfers. 

Acknowledge (ACK) 

Acknowledge is a software convention used to indicate 
successful data transfers. The transmitting device, either 
the master or the slave, will release the bus after transmit- 
ting eight bits. During the ninth clock cycle, the receiver 



will pull the SDA line LOW to ACKnowledge that it re- 
ceived the eight bits of data (See Figure 6). 

The S42WD42 will respond with an ACKnowledge after 
recognition of a START condition and its slave addr^s 
byte. If both the device and a write operation are selected, 
the S42WD42 will respond with an ACKnowledge after 
the receipt of each subsequent 8-bit word. 

In the READ mode, the S42WD42 transmits eight bits of 
data, then releases the SDA line, and monitors the line for 
an ACKnowledge signal. If an ACKnowledge Is detected, 
and no STOP condition is generated by the master, the 
S42WD42 will continue to transmit data. If an 
ACKnowledge is not detected, the S42WD42 will terminate 
further data transmissions and awaits a STOP conditk>n 
before returning to the standby power mode. 

Device Addressing 

Following a start condition the master must output the 
address of the slave it is accessing. The most significant 
four bits of the slave address are the device type identifier 
(see figure 7). For the S42WD42 this is fixed as 1 01 0[B]. 

Word Address 

The next two bits are don't care. The next bit is an 
extension of the array's address and is concatenated with 
the eight bits of address in the word address field, provid- 
ing direct access to the 512 X 8 array. 

Read/Write Bit 

The last bit of the data stream defines the operation to be 
performed. When set to "1 ," a read operation Is selected; 
when set to "0," a write operation is selected. 
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WRITE OPERATIONS 

The S42WD42 allows two types of write operations: byte 
write and page write. The byte write operation writes a 
single byte during the nonvolatile write period (Iwr). The 
page write operation allows up to 16 bytes in tt^liMne 
page to be written during twR- 

Byte WRITE 

After the slave address is sent (to identify the slave 
device, specify high order word address and a read or 
write operation), a second byte is transmitted which 
contains the low 8 bit addresses of any one of the 512 
words In the array. 

Upon receipt of the word address, the S42WD42 re- 
sponds with an ACKnowledge. After receiving the next 
byte of data, it again responds with an ACKnowledge. The 
master then terminates the transfer by generating a 
STOP condition, at which time «n0 ®m^&ii^WS0im%B 
internal write cycle. 

While the internal write cycle is in progress, the S42WD42 
inputs are disabled, and the device will not respond to any 
requests from the master. Refer to Figure 8 for the 
-$0lm$9, /^i^«MiddBe!^:«it#<#ata transfer sequence. 



Page WRITE 

The S42WD42 is capable of a 1 6-byte page write opera- 
tion. It is initiated in the same manner as the byte-write 
operation, but instead of terminating the write cycle after 
the first data word, the master can transmit up to 1 5 more 
words of data. After the receipt of each word, the 
S42WD42 will respond with an ACKnowledge. 

The S42WD42 automatically increments the address for 
subsequent data words. After the receipt of each word, 
the four low order address bits are internally incremented 
by one. The high order five bits of the address byte remain 
constant. Should the master transmit more than sixteen 
words, prior to generating the STOP condition, the ad- 
dress counter will "roll over," and the previously written 
data will be ovenwritten. As with the byte-vMtts opMlisi^ 
all Inputs are disabled during the internal write cycle. 
Refer to Figure 8 for the address, ACKnowledge and data 
tansfer sequoira. 
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Acknowledge Polling 

When the S42WD42 is performing an internal WRITE 
operation, it will ignore any new START conditions. Since 
the device will only return an acknowledge after it accepts 
the START. ttiejKtrt can be qontinuously queried until an 
ae!liMtwMag#tst^6(!^^ internal WRITE 

cycle is complete. 

To poll the device, give it a START condition, followed by 
a slave address for a WRITE operation (See Figure 7). 
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FIGURE 9. ACKNOWLEDGE POLLING 



READ OPERATIONS 

Read operations are initiated with the R/W bit of the 
identification field set to '1 There arefew^aMtolwit read 
options: 

1 . Current Address Byte Read 

2. Random Address Byte Read 

3. Current Address Sequential Read 

4. Random Address Sequential Read 

Current Address Byte Read 

The S42WD42 contains an internal address counter 
which maintains the address of the last word accessed, 
incremented by one. If the last address accessed (either 
a read or write) was to address location n, the next read 
operation would access data from address location n+1 
and increment the current address pointer. When the 
S42WD42 receives the slave address field with the R/W 
bit set to "1 it issues an acknowledge and transmits the 
8-bit word stored at address location n+1 . 

The current address byte read operation only accesses a 
single byte of data. The master does not acknowledge tire 
transfer, but does generate a stop conditkin. At this point, 
the S42WD42 discontinues data transmission. See 
Figure 1 for the address acknowledge and data transfer 
sequence. 
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Random Address Byte Read 

Random address read operations allow the master to 
access any memory location in a random fashion. This 
operation involves a two-step process. First, the master 
issues a write command which includes the start condi- 
tion and the slave address field (with the RW bit set to 
WRITE) followed by the address of the word it is to read. 
This procedure sets the internal address counter of the 
S42WP42 to 9ie desired sMrssst 



After the word address acknowledge is received by the 
master, the master immediately reissues a start condition 
followed by another slave address field with the R/W bit 
set to READ. The S42WD42 will respond with an acknowl- 
edge and then transmit the 8-data bits stored at the 
addressed location. At this point, the master does not 
acknowledge the transmission but does generate the stop 
condition. The S42WD42 discontinues data transmission 
and reverts to its standby power mode. See Figure 1 1 for 
the address, acl(nowtedge and cfeita transfer sequence. 



SDA Bus \ 
Activity ^ L-I 



A 

H C 



I I I I I I I 
Word Address 
I I I I I I I 













A 


1 1 1 1 1 1 1 






X 


X 


X 


R 


C 


Data Byte 
< > 


! 










w 


K 







10 10 


So 


s 

T 
A 
R 
T 


Device 
Type 
Address 






RaadAVritej 
0= Write 1 


Slave Address 


Master ssfids Read 
request to stave 


Master Transmitter 
to 

Slave Receiver ] 



I- Writes Word 
Address to Slave 



I Master Transmitter 
to 

Slave Receiver 



Shading Denotes 
42WD42 



Slave Transmitter 
to 





10 10 


1 


8 
T 
A 
R 
T 


Device 
Type 
Addrass 






ReadAVrite 
1= Read 


Slave Address 


Master Requests 
Data from Slave 


Master Transmitter 
to 

Slave Receiver 



D 


D 


D 


D 


D 


D 


6 


5 


4 


3 


2 


1 



Lack of ACK (low) 
from Master 
determines last 
data byte to be read 



Slave sends 
Data to Master 



Slave Transmitter 
to 

Master R( 



Slave Transmitter 
to 



Slave Transmitter 
to 



PGURE 11. RANDOM ADDRESS BYTE READ MODE 



6-Z7 



$42WD42 



Sequential READ 

Sequential READs can be initiated as eittier a current 
address READ or random access READ. The first word is 
transmitted as with the other byte read modes (current 
address byte READ or random address byte READ); 
however, the master now responds with an ACKnowiedge, 
indicating that it requires additional data from the 
S42WD42. The S42WD42 continues to output data for 
each ACKnowiedge received. The master terminates the 
sequential READ operation by not responding with an 
ACMpaMeelBi!, srid issu^ a BIQP wiffllems. 



During a sequential read operation, the internal address 
counter is automatically incremented with each acknowl- 
edge signal. For read operations, all address bits are 
incremented, allowing the entire array to be read using a 
single read command. After a count of the last memory 
address, the address counter will 'roll-over' and the 
memory will continue to output data. See Figure 1 2 for the 
address, acknowledge and ctatei ttan^r sequence. 
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Watchdog Timer Operation 

The S42WD42 has a watchdog timer with a nominal timeout period of 1 .6 seconds. Whenever the watchdog times 
out it will generate a reset output on both RESET and RESET. The watchdog timer will reset to to whenever the 
S42WD42 Issues an ACKnowledge. Therefore, the host system will need to issue a start condition, followed by 
a valid address and command. It can be a normal command as in the sequence of reading or writing to the memory , 
or it can be a dummy command issued solely for the purpose of resetting the watchdog timer. Refer to Figure 1 5 
for (totalled sequence of operations. 

The watchdog timer will be held in the reset state during power-on while Vcc is less than Vtrip. Once Vcc exceeds 
Vtrip, the watchdog will continue to be held in a reset state for the duration of tpuRsr. After tpuRsr, the timer will 
be released and begin counting. 

If either reset Input is asserted the watchdog timer will be reset and remain in the reset condition until either tpuRST 
has expired or the reset input is released, whichever is longer. 

if the watchdog times out and no action is taken by the host, the S42WD42 will drive the reset outputs active for 
the duration of tpuRsr at which point It will release the outputs and begin the watchdog timer again. Refer to Rgure 
16 for detailed sequence of operations. . - 
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Frequently the reset controller will be deployed on a PC board that provides a peripheral function to a system. 
Examples might be modem or network cards in a PC or a PCMCIA card in a laptop. In instances like this the peripheral 
card may have a requirement for a clean reset function to insure proper operation. The system may or may not provide 
a reset pulse of sufficient duration to clear the peripheral or to protect data stored in a nonvolatile memory. 

The I/O capability of the RESET pins can provide a solution. The system's reset signal to the peripheral can be fed 
into the S42WD42 and it in turn can clean up the signal and provide a known entity to the peripheral's circuits. The 
figure below shows the basic timing characteristics under the assumption the reset input is shorter in duration than 
tpuRST- The same reset output affect can be attained by using the active high reset input. 
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WoTM Ctatb RI^T Sink/Source Capabilities at Various Vcc Levels 



Parameter 


Symbol 


Condition 


Min 


Tvp 


IMax 


Units 




Vol 


Vcc = 1.0V, loL=100|xA 






0.3 


V 


RESET Output 
VoltE^ 


Vcc = 1.2V, loL=100nA 






0.3 


V 


Vcc = 3.0V, loL=500nA 






0.3 


V 


Vcc = 3.6V, loL=500nA 






0.3 


V 


Vcc = 4.5V, loL=750nA 






0.3 


V 




Vol 


Vcc = 1.0V, loL=100nA 






0.4 


V 


RESET Output 
Voltage 


Vcc= 1.2V, Iol=150liA 






0.4 


V 


Vcc = 3.0V, ioL=750uA 






0.4 


V 


Vcc = 3.6V, loL=1mA 






0.4 


V 


Vcc = 4.5V, ioL=1mA 






0.4 


V 


RESET Output 
Voltage 


VOH 


Vcc = 1.0V, Ioh=400mA 


Vcc-0.75 






V 


Vcc = 1.2V, loH=800nA 


Vcc-0.75 






V 


Vcc = 3.0V, loH=800uA 


Vcc-0.5 






V 


Vcc = 3.6V, loH=800nA 


Vcc-0.5 






V 


Vcc = 4.5V, loH=eOOMA 


Vcc-0.5 
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S4261 



Precision Voltage Supervisory Circuit 
and 16K PC lUlemory 



3 and 5 Volt Systems 



FEATURES 

• Precision Dual Voltage Monitor 

- Automatic Vcc Supply Monitor 

- Dual reset outputs for complex 
microcontroller systems 

- Integrated memory write lockout function 

- No external components required 

• Second voltage monitor output 

- Separate Vlow output 

- Generates interrupt to MCU 

- Generates RESET for dual supply systems 

- Guaranteed output assertion to Vcc ^ 1 V 

• Memory Internally Organized 2K X 8 

- Two Wire Serial Intertace (PC™) 

• High Reliability 

- Endurance: 1,000,000 erase^vritecyelM 

- Data retention: 100 years 

• 8-Pin PDIP or SOIC Packages 



OVERVIEW 

The S4261 is a precision power supervisory circuit. It 
automatically monitors the device's Vcc level (3V or 5V) 
and will generate a reset output on two complementary 
open drain outputs. In addition to the Vcc monitoring, the 
84261 also provides a second voltage comparator input. 
This Input has an indep endent o pen drain output that can 
be wire-OR'ed with the RESET I/O or it can be used as a 
system interrupt. 

The 84261 aiso has an integrated 16K-bit nonvoiatiie 
memory. The memory confomis to the industry standard 
two-wire serial interface. 
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PIN CONFIGURATIONS 
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PIN NAMES 



Symbol 


Pin 


Description 


Vlow 


1 


Open Drain Output Active 
When VsENSE is < 1 .24V 


RESET 


2 


Active Low RESET Input/Output 


VsENSE 


3 


Second IVIonitor Voltage Input. 

1 

When less than 1 .24V the 
Vlow output will be driven 


GND 


4 


Analog and Digital Ground 


SDA 


5 


Serial Memory Input/Output 

data line 


SCL 


6 


Serial IVIemory clock input 


RESET 


7 


Active High RESET Input/Output 


Vcc 


8 


Supply Voltage 




+Vbat to regulator 



Vbat Trip 



VCC= 3.0 Or 5.0 A 



S4261/S42WD61 



VLOW Vcc 
RESET RESET 
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GND SDA 



=1- 

3- 



|2C 
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SCL 
SDA 



=1 
Zl 

Zl- 



INTO (P1.5) 

8051 Type MCU 
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SDA (P0.1) 



FIGURE 1. TYPICAL SYSTEM CONFIGURATION 
USING A PUSH BUTTON RESET AND BATTERY MONITOR CIRCUIT 
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FIGURE 2. TYPICAL SYSTEM CONFIGURATION FOR DUAL RESET WITH Vcc MONITOR AND 3.3VOLT MONITOR 
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ABSOLUTE MAXIMUM RATINGS 

Temperature UrwlerBliM ....„i. -40''C to +85°C 

Storage Temperature -^"C to +1 25°C 

Soldering Temperature (tess than ^0 seconds) 300°C 

Supply Voltage to 6.5V 

Voltage on Any Pin -0.3V to Vcc+0.3V 

ESD Voltage (JEDEC method) 2,000V 

NOTE: These are STRESS ratings only. Appropriate conditions for operating these devices are given elsewhere in this specification, 
beyond those listed here may pernnanently damage the part. Prolonged exposure to maximum ratings may affect device reliability. 

RECOMMENDED OPERATING CONDITIONS 



Temperature * J 


Min 


Max 


Commercial 


0°C 


+70''C 


InduatlW 


■4(yc 


+85°C 
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DC ELECTRICAL CHARACTERISTICS (over recommended operating conditions unless othenvise specified) 



Symbol 


Parameter 


Conditions 


Min 


Max 


Units 


Ice 


Supply Currant (CMOS) 


SCL = CMOS Levels @ lOOKHz 
SDA = Open 

All other inputs = GND or Voc 


Vcc=5.5V 




3 


mA 


Vcc=3.3V 




2 


mA 


ISB 


Standby Cirant (CMOS) 


SCL=SDA = Vcc 
All other inputs = GND 


Vcc=5.5V 




50 


ma 


VcG=3.3V 




25 


IxA 


Ili 


Input Leatsage 


ViN = To VcG 




10 


HA 


Ilo 


Output Leakage 


VouT = To Vcc 




10 


HA 


ViL 


Input Low Voltage 


SCL, SDA, RESET (pin 2) 




0.3xVcc 


V 


VlH 


Input High Voltage 


SCL, SDA, RESET (pin7) 




0.7xVcc 


V 


Vol 


Output Low Voltage 


ioL = 3mA SDA 




0.4 


V 



AC ELECTRICAL CHARACTERISTICS 
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(over recommended operating conditions unless otiierwise specified) 


2.7V to 4.5V 


4.5V to 5.5V 




Symt>ol 


Parameter 


Conditions 


Min 


Max 


Min 


Max 


Units 


tsCL 


SCL C!ocl< Frequency 







100 




400 


KHz 


tLOW 


Clocl< Low Period 












MS 


tHIGH 


Clock IHIgh Period 




4.0 




0,6 




flS 


tBUF 


Bus Free Time 


Before New Transmission 


4.7 




1.3 




us 


tSUSTA 


Start CondUon Setup Time 




4.7 




0.6 




us 


tHtmA 


StM CondWen Hold Time 




4.0 




0.6 




|iS 


tsU:STO 


Stop Condition Setup Time 




4.7 




0.6 




IIS 


tAA 


Clocl< to Output 


SCL Low to SDA Data Out Valid 


0.3 


3.5 


0.2 


0.9 


US 


tDH 


Data Out Hold Time 


SCL Low to SDA Data Out Change 


0.3 




0.2 




US 


tR 


SCL and SDA Rise Time 






1000 




300 


ns 


tF 


SCL and SDA Fall Time 






300 




300 


ns 


tSU:DAT 


Data In Setup Time 




250 




100 




ns 


tHDtDAT 


Data In Hold Time 














ns 


Ti 


Noise SDil<e Width 
@ SCL, SDA Inputs 


Noise Suppression Time Constant 




100 




100 


ns 


tWR 


Write Cyde Time 






10 




10 


ms 
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CAPACITANCE 

Ta = 25°C, f= lOOKHz 



Symbol 


Parameter 


Max 


Unite 


CIN 


Input Capacitance 


5 


PF 


Gout 


Output Capacitance 


8 


PF 
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FIGURES. BUS TIMING 
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FIGURE 4. START AND STOP CONDITIONS 
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FI6URE5. R^ET OUTPUT TIMING 



RESET CIRCUIT AC aiUl DO @MOT^#(ARACTERISTICS 



TA = -40°C to +85°C 


S4261-2.7 


S4261-A 


S4261-B 




Symbol 


Parameter 


lUin 


Max 


IMin 


Max 


Min 


Max 


Unit 


Vtrip 


Reset Trip Point 


2,55 


2.7 


4.25 


4.5 


4.5 


4.75 


V 


tPURST 


Power-Up Reset Timeout 


130 


270 


130 


270 


130 


270 


ms 


tRPD 


Vtrip to RESET Output Delay 




5 




5 




5 


us 


Vrvalid 


RESET Output Valid 






1 




1 




V 


tGLITCH 


Glitch Reject Puise Widtli 




30 




30 




30 


ns 


VOLBS 


RESET Output Low Voltage loL= 1mA 




0.4 




0.4 




0.4 


V 


VOHRS 


RESET Output High Voltege loH = 800 mA 


VCC-.75 




VCC-.75 




VCC-.75 




V 


VsenseT 


Voltage Sense Trip Point 


1.22 


1.25 


1.22 


1.25 


1.22 


1.25 


V 


VsenseH 


Voltage Sense J^nMniM ^ 


■f - ,- 


, - AO 




10 




10 


mV 
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PIN DESCRIPTIONS 

Serial Clock (SCL) - The SOL input is used to clock data 
into and out of the device. In the WRITE mode, data must 
remain stable while SCL is IH I G IH . I n the READ mode, data 
is clocked out on the falling edge of SCL. 

Serial Data (SDA) - The SDA pin is a bidirectional pin 
used to transfer data into and out of the device. Data may 
change only when SCLis LOW, except START and STOP 
conditions. It is an open-drain output and may be wire- 
ORed with any number of open-drain or open-collector 
outputs. 

RESET - RESET is an active low open-drain output. It 
should be tied h igh through a pull-up resistor connected 
to Vcc. RE SET is an I/O, therefore it may also be used to 
condition a RESET signal generated by another device; it 

can also be used to debounce a pushbutton input. 

RESET - RESET is an active high open drain (PFET) 
output. It should be tied low through a puii-down resistor 
connected to ground. RESET is an I/O, therefore it may 
also be used to condition a RESET signal generated by 
another device. 

VsENSE - The VsENSE input is used as a second voltage 
sensing input. The pin istiedtoacomparatorthatusesihe 

precision internal 1 .24V reference. 

Vlow - The Vlow output is an open drain which is driven 
low whenever the Vsense input is less than 1.24V. For 
correct operation this output should be tied high through 
a pull-up res^or connected to Vcc- 



ENDURANCE AND DATA RETENTION 

The 84261 is designed for applications requiring 
1,000,000erase/write cycles and unlimited read cycles. It 
provides 100 years of secure data retention, with or 
without power applied, after the execution of 1,000,000 

erase/write cycles. 

Reset Controller Description 

The S4261 provides a precision RESET controlier that 
ensures correct system operation during brown-out and 
power-up/-down conditions. It is configured with two open 
drain RESET outputs; pin 7 is an active high output and 
pin 2 is an active low output. For proper operation pin 7 
should be tied low through a pull-down resistor while pin 
2 should be tied high through a resistor connected to Vcc- 



During power-up, the RESET outputs remain active until 
Vcc reaches the Vtrip threshold and will continue driving 
the outputs for approximately 200ms after reaching Vtrip. 
The RESET outputs will be valid so long as Vcc is > 1 .OV. 
During power-down, the RESET outputs will begin driving 
active when Vcc falls below Vtrip. 

The RESET pins are l/Os; therefore, the S4261 can act as 
a signal conditioning circuit for an externally applied reset. 
The inputs are edge triggered; that is, the RESET Input 
will initiate a reset timeout after detecting a low to high 
transition and the RESET input will initiate a reset timeout 
after detecting a high to low transition. Refer to the 
applications information section for more details on de- 
vice operation as a reset conditkining circuit. 

Voltage Sensor Description 

The 84261 provides an additional voltage sensor which is 
internally compared to the internal 1 .24 volt reference 
volt age. W henever the Vsense input is below 1 .24 volts, 
the Vlow output will be driven low. An external resistor 
divider is used to set the desired system trip voltage. 

This input can be used in two manners. The first example 
might be to sense unregulated DC or battery voltage in a 
battery powered application and to generate an interrupt 
in the case of either a low voltage from the battery or the 
failure of power in the system. The system power supply 
can then be designed to insure that the output capaci- 
tance is high enough to provide sufficient time to perform 
housekeeping tasks, such as the storing of the system 
status in the E^PROM, priorto the assertion of the RESET 
signal. (Figure 1) 

The second use for this Input might be to sense a second 
power supply level, su ch as 3 .3 volts in a dual voltage 
system. In this case, the Vlow output could be connected 
to the RESET output to generate a reset condition when- 
ever either supply is not valid. (Figure 2) 
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FIGURE 6. ACKNOWLEDGE RESPONSE FROM RECEfVER 



CHARACTERISTICS OF THE 1^0 BUS 
General Description 

The I^C bus was designed for two-way, two-line serial 
communication between different integrated circuits. Tiie 
two lines are: a serial data line (SDA), and a serial clock 
line (SOL). The SDA line must be connected to a positive 
supply by a pull-up resistor, located somewhere on the 
bus (See Figure 1). Data tansfer between devices may 
be initiated with a START condition only when SCL and 
SDA are HIGH (bus is not busy). 

Input Data Protocol 

One data bit is transferred during each clocl< pulse. The 
data on the SDA line must remain stable during clock 
HIGH time, because changes on the data line while SCL 
is HIGH will be interpreted as start or stop condition, refer 
to Figure 4. 

START and STOP Conditions 

When both the data and clock lines are HIGH, the bus is 
said to be not busy . A H IGH-to-LOW transition on the data 
line, while the clock is HIGH, is defined as the "START" 
condition. A LOW-to-HIGH transition on the data line, 
while the clock is HIGH, is defined as tttQ ''StpF',|f|i9di- 
tion (See Figure 4). 

DEVICE OPERATION 

The S4261 is a 16K-bit serial E^PROM. The device 
supports the 1^0 bidirectional data transmission protocol. 
The protocol defines any device that sends data onto the 
bus as a "transmitter" and any device which receives data 
as a "receiver." The device controlling data transmission 
is called the "master" and the controlled device is called 
the "slave." In all cases, the S4261 will be a "slave" 
device, since it never iniMes any data transfns. 

Acknowledge (ACK) 

Acknowledge is a software convention used to indicate 
successful data transfers. The transmitting device, either 
the master or the slave, will release the bus after transmit- 
ting eight bits. During the ninth clock cyde, the receiver 



will pull the SDA line LOW to ACKnowledge that it re- 
ceived the eight bits of data (See Rgure 6). 

The S4261 will respond with an ACKnowledge after 
recognition of a START condition and its slave address 
byte. If both the device and a write operation are selected, 
the S4261 will respond with an ACKnowledge after the 
receipt of each sulisequent 8-bit word. 

In the READ mode, the S4261 transmits eight bits of data, 
then releases the SDA line, and monitors the line for an 
ACKnowledge signal. If an ACKnowledge is detected, 
and no STOP condition is generated by the master, the 
S4261 will continue to transmit data. If an ACKnowledge is 
not detected, the S4261 will terminate further data trans- 
missions and awaits a STOP coruiOon before r^rning to 
the standby power mode. 

Device Addressing 

Following a start condition the master must output the 
address of the slave it is accessing. The most significant 
four bits of the slave address are the device type identifier 
(see figure 7). For the S4261 this is fixed as 1010[B]. 

Word Address 

The next three bits of the slave address are an extension 
of the array's address and are concatenated with the eight 
bits of address in the word address field, providing direct 
access to the 2,048 X 8 array. 

Read/Write Bit 

The last bit of the data stream defines the operation to be 
performed. When set to "1 a read operation is selected; 
when set to "0," a write operation is selected. 



HIGH ORDER 
WORD ADDRESS 
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FIGURE 7. SLAVE ADDRESS BYTE 
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WRITE OPERATIONS 

The S4261 allows two types of wiite operations: byte 
write and page write. The byte write operation writes a 
single byte during the nonvolatile write period (twp). The 
page write operation allows up to 16 bytes in the same 
page to be written during twR- 

Byte WRITE 

After the slave address is sent (to Identify the slave 
device, specify high order word address and a read or 
write operation), a second byte is transmitted which 
contains the low 8 bit addre^es of any one of the 2,048 
words in the array. 

Upon receipt of the word address, the S4261 responds 
with an ACKnowledge. After receiving the next byte of 
data, it again responds with an ACKnowledge. The mas- 
ter then terminates the transfer by generating a STOP 
condition, at which time the S4261 begins the internal 
write cyd8. 

While the internal write cycle is in progress, the S4261 
inputs are disabled, and the device will not respond to any 
requests from the master. Refer to Figure 8 for the 
address, ACKnowledge and data transfer sequence. 



Page WRITE 

The S4261 is capable of a 1 6-byte page write operation. 
It Is initiated in the same manner as the byte-write opera- 
tion, but instead of terminating the write cycle after the first 
data word, the master can transmit up to 1 5 more words 
of data. After the receipt of each word, the S4261 will 
respond with an ACKnowledge. 

The S4261 automatically increments the address for 
subsequent data words. After the receipt of each word, 
the four low order address bits are intemally incremented 
by one. The high orderfive bits of the address byte remain 
constant. Should the master transmit more than sixteen 
words, prior to generating the STOP condition, the ad- 
dress counter will "roll over," and the previously written 
data will be overwritten. As with the byte-write operation, 
all inputs are disabled during the internal write cycle. 
Refer to Figure 8 for the address, ACKnowledge and data 
transfer sequence. 



Acknowledges Transmitted from 
4261 to Master Receiver 



If single byte-write only. 
Stop bit Issued here. 
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FIGURES. PAGE/BYTE WRITE MODE 
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Acknowledge Polling 

When the S4261 is performing an internal WRITE opera- 
tion, it will ignore any new START conditions. Since the 
device will only return an acloiowledge after it accepts the 
START, the part can be continuously queried until an 
acknowledge is issued, indicating that the internal WRITE 
cycle is complete. 

To poll the dey^ l^it if START condition, followed by 
a ^timiaMee»f»MVi/fVf^ opeiation (See Figure 7). 



Internal WRFTE Cycle 
In Progress: 
Begin ACK Polling 



Issue Slave 
Address and 
B/W = 



Issue Stop 



[Yes (Internal wmtlSltmitmmM^ 
No 




Issue Stop 



Await Ned 
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FIGURE 9. ACKNOWLEDGE POLLING 



READ OPERATIONS 

Read operations are initiated with the R/W bit of the 
identification field set to "1 There are four different read 
editions: 

1 . Current Address Byte Read 

2. Random Address Byte Read 

3. Current Address Sequential Read 

4. Random Address Sequential Read 

Current Address Byte Read 

The S4261 contains an internal address counter which 
maintains the address of the last word accessed, 
incremented by one. If the last address accessed (either 
a read or write) was to address location n, the next read 
operation would access data from address location n-t-1 
and increment the current address pointer. When the 
S4261 receives the slave address field with the R/W bit 
set to "1 ," it issues an acknowledge and transmits the 8- 
blt word stored at address location n+l . 

The cunBnt address byte read operation only accesses a 
single byte of data. The master does nota^oiSMrtedgethe 
transfer, but does generate a stop condition. At this point, 
the S4261 discontinues data transmission. See 
Figure 1 for the addr^ acknowl^^ aiKi data transfer 
sequence. 
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1=Read 
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FIGURE 10. CURRENT ADDRESS BYTE READ MOOE 
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Random Address Byte Read 

Random address read operations allow the master to 

access any memory location in a random fashion. This 
operation involves a two-step process. First, the master 
issues a write command which includes the start condi- 
tion and the slave address field (with the RA/V bit set to 
WRITE) followed by the address of the word it is to read. 
This procedure sets the internal address counter of the 
S4261 to the desired address. 



After the word address acknowledge is received by the 
master, the master immediately reissues a start condition 

followed by another slave address field with the R/W bit 
set to READ. The S4261 will respond with an acknowl- 
edge and then transmit the 8-data bits stored at the 
addressed location. At this point, the master does not 
acknowledge the transmission but does generate the stop 
condition. The S4261 discontinues data transmission and 
reverts to its standby power mode. See Figure 1 1 for the 
address, aclcnowledge and data transfer sequence. 
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FIGURE 11. RANDOM ADDRESS BYTE READ MODE 
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Sequential READ 

Sequential READs can be initiated as either a current 
address READ or random access READ. The first word is 
transmitted as with the other byte read modes (current 
address byte READ or random address byte READ); 
however, the master now responds with an ACKnowledge, 
indicating that It requires additionai data from the S4261 . 
The S4261 continues to output data for each 
ACKnowledge received. The master terminates the se- 
quential READ operation by not responding with an 



S4261 



During a sequential read operation, the internal address 
counter is automatically incremented with each acknowl- 
edge signal. For read operations, all address bits are 
Incremented, allowing the entire array to be read using a 
single read command. After a count of the last memory 
address, the address counter will 'roll-over* and the 
memory will continue to output data. See Figure 1 2 for the 
address, acknowledge and date transfer sequwK». 
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Frequently the reset controller will be deployed on a PC board that provides a peripheral function to a system. 
Examples might be modem or network cards In a PC or a PCMCIA card in a laptop. In instances like this the peripheral 
card may have a requirement for a clean reset function to insure proper operation. The system may or may not provide 
a reset pulse of sufficient duration to clear the peripheral or to protect data stored in a nonvolatile memory. 

The I/O capability of the RESET pins can provide a solution. The system's reset signal to the peripheral can be fed 
Into the S4261 and it In turn can dean up the signal and provide a known entity to the peripheral's circuits. The figure 
below shows the basic tinning characteristics under the assumption the reset input Is shorter in duration than tpuRsi. 
The same reset oiitpiit.iMe^!e»filM»iil^^ the active high reset input 
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RESET 
Qdtpit 



r 



■tpURST ■ 



When planning your resistor pull-up and pull-down values, use the following chart to help determine min. resistances. 
Worst Case RESET Sink/Source Capabilities at Various Vcc Levels 



Parameter 


Symbol 


Condition 


Min 


Typ 


Max 


Units 




Vol 


Vcc = 1.0V, loL=100tiA 






0.3 


V 


RESET Output 
Voltage 


Vcc = 1.2V, Iol=100|jA 






0.3 


V 


Vcc = 3.0V, loL=500nA 






0.3 


V 


Vcc = 3.6V, loL=500nA 






0.3 


V 


Vcc = 4.5V, loL=750nA 






0.3 


V 




Vol 


Vcc=1.0V, loL=100nA 






0.4 


V 


RESET Output 
Voltage 


Vcc = 1.2V, loL=150nA 






0.4 


V 


Vcc = 3.0V, loL=750nA 






0.4 


V 


Vcc = 3.6V, loL=1niA 






0.4 


V 


Vcc = 4.5V, loL=1mA 






0.4 


V 


RESET Output 
Voltage 


VOH 


Vcc = 1.0V, loH=400nA 


Vcc-0.75 






V 


Vcc = 1.2V, Ioh=800|jA 


Vgg-0.75 






V 


Vcc = 3.0V, Ioh=800mA 


Vcc-0.5 






V 


Vcc = 3.6V, loH=800nA 


Vcc-0.5 






V 


Vcc = 4.5V, IOH=800nA 


Vcc^.5 






V 
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iMSUMMIT 

L I MICROELECTRONICS, Inc. 



S42WD61 



Precision Voltage Supervisory Circuit 
With Watchdog Timer and 16K 1^ Memory 



3 and 5 Volt Systems 



FEATURES 

• Precision Dual Voltage IMonitor 

- Automatic Vcc Supply Monitor 

- Dual reset outputs for complex 
microcontroller systems 

- Integrated memory write lockout function 

- No external components requlrsd 

• Second voltage monitor output 

- Separate Vlow output 

- Generates interrupt to MCU 

- Generates RESET for dual supply systems 

- Guaranteed QUl||i^t assertion to Vcc ^ 1 V 

• Watchdog Timer 

- Nominal 1.6 second Timeout 

• Memory Internally Organized 2K X 8 

- tiwelite^SHriailntarfaca (■%»■) 

• HighReliafaM^ 

- Endurance: 1 ,000,000 eraseAMTNe eyries 

- Data retention: 100 years 

• 8-Pln PDIP or SOIC Packages 



OVERVIEW 

TheS42WD61 is a precision power supervisory circuit. It 
automatically monitors the device's Vcc level (3V or 5V) 
and will generate a reset output on two complementary 
open drain outputs. In addition to the Vcc monitoring, the 
S42WD61 also provides a second voltage comparator 
input. This input has an indepe ndent ope n drain output 
that can be wire-OR'ed with the RESET I/O or it can tie 
used as a system interrupt. 

In addition to the reset circuitry, the S42WD61 also has a 
watchdog timer. The nominal timeout period is 1.6 sec- 
onds. If the watchdog is not cleared within 1 .6 seconds it 

will generate a reset condition. 

The S42WD61 also has an integrated 1 6K-bit nonvolatile 
memory. The memory conforms to the industry standi 
two-wire serial interface. 
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PIN CONFIGURATIONS 



PIN NAMES 




Symbol 



Vlow 



RESET 



VsENSE 



GND 



SDA 



SCL 



RESET 



Vcc 



Pin 



Description 



Open Drain Output Active 
When VsENSE is < 1 .24V 



Active Low RESET Input/Output 



Second Monitor Voltage Input. 
When less than 1 .24V the 



Vlow output will be driven 



Analog and Digital Ground 



Serial Memory Input/Output 

data line 



Serial Memory clock input 



Active High RESET Input/Output 



Supply Voltage 



PB_RST 



■f¥bttli>regulalor 



-=- f VbatTHp 



VCC= 3.0 Or 5.0 A 
-'WW' 



S4261/S42WD61 



VLOW Vcc 
RESET RESET 



C: VSENSE SCL 



SDA U 



zi- 



|2C . 
Peripheral 



RESET 



SCL 
SDA 



INTO (Plig 

8051 Type MCU 

RST 

SCL (P0.0) 
SDA (P0.1) 



FIGURE 1. TYPICAL SYSTEM CONFIGURATION 
USING A PUSH BUTTON RESET AND BATTERY MONITOR CIRCUIT 
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Second Card Voltage 
3.0V ± 5% 



VCC = 5.0±10% 

A 



S4261/S42WD61 
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RESET 
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FIGURE 2. TYPICAL SYSTEM CONFIGURATION FOR DUAL RESET WITH Vcc MONITOR AND 3.3VOLT MONITOR 
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ABSOLUTE MAXIMUM RATINGS 



Temperature Under Bias -40°C to +85°C 

Storage Temperature ~ -SS'^ to tias^C 

Soldering Temperature (less than 1 seconds) .„.....™ 300°C 

Supply Voltage to 6.5V 

Voltage on Any Pin -0.3V to Vcc+0.3V 

ESD Voltage (JEDEC method) 2,000V 



NOTE: These are STRESS ratings only. Appropriate conditions for operating these devices are given elsewhere in this specification. Stresses 
beyond those listed here may permanently damage the part. Prolonged exposure to maximunn ratings may affect device reliability. 



RECOMMENDED OPERATING CONDITIONS 



Temperature 


Min 


Max 


Commercial 


o°c 


+70°C 


Industrial 


-40°C 


+85''C 
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DC ELECTRICAL CHARACTERISTICS (over recommended operating conditions unless othenwise specified) 



Symbol 


Paiameter 


Conditions 


MIn 


Max 


Units 


Ice 


Sii|30ly Current (CMOS) 


SCL = CMOS Levels @ lOOKHz 
SDA = Open 

All other inputs = QND or Vex: 


Vcc =5.5V 




3 


mA 


Vcc=3.3V 




2 


mA 


ISB 


Standby Current (CMOS) 


SCL = SDA = Vcc 
All other inputs = GND 


Vcc=5.5V 




50 


HA 


Vcc=3.3V 




25 


MA 


III 


Input Leakage 


ViN = To Vcc 




10 


ilA 


Ilo 


Output Leakage 


VouT = To Vcc 




10 


uA 


ViL 


Input Low Voltage 


SCL, SDA, RESET (pin 2) 




0.3xVcc 


V 


VlH 


Input High Voltage 


SCL, SDA, RESET (pinT) 




0,7xVcc 


V 


Vol 


Output Low Voltage 


IOL = 3mA SDA 




0.4 


V 



AC ELECTRICAL CHARACTERISTICS 



(over recommended operating conditions unless ottronwise specified) 


2.7V to 4.5V 


4.5V to 5.5V 




Symbol 


Parameter 


Conditions 


Min 


Max 


Min 


Max 


Units 


fsCL 


SCL Clock Frequency 







100 




400 


KHz 


tLOW 


Ctotik Low Period 




4.7 




1.3 




US 


tHIQH 


Clock High PiiM 




4.0 




0.6 




US 


teuF 


Bus Free Time 




4.7 




1.3 




US 


tSUrSTA 


Start Condition Setup Time 




4.7 




0.6 




US 


tHDiSTA 


Start Condition Hold Time 




4.0 




0.6 




US 


tSU:STO 


Stop Condition Setup Time 




4.7 




0.6 




tis 


tAA 


Clock to Output 


SCL Low to SDA Data Out Valid 


0.3 


3.5 


0.2 


0.9 


US 


tOH 


Data Out Hold Time 


SCL Low to SDA Data Out Change 


0.3 




0.2 




^ls 


tR 


SCL and SDA Rise Time 






1000 




300 


ns 


tF 


SCL and SDA Fall Time 






300 




300 


ns 


tSU:DAT 


Data In Setup Time 




250 




100 




ns 


1hD:DAT 


Data In Hold Time 














ns 


Tl 


Noise Spil(e Width 
e SCL, aiA Inputs 


l^oise Suppressicxi Tune Constant 




100 




100 


ns 


tWR 


Write Cyde Time 






10 




10 


ms 
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CAPACITANCE 

TA = 25''C.f=100KH2 



Symbol 


Parameter 


Max 


Units 


GIN 


Input Capacitance 


5 


PF 


Gout 


Output Capacitance 


8 


pF 
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1 
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tBUF 1 
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SDA Out 
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FIGURES. BUS TIMING 
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FIGURE 4. START AND STOP CONDITIONS 
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FIGURES. RESET OUTPUT TmiNG 



'RPD 



CIRCUIT AC and DC ELICmCAI. (MAHACTERISTICS 



Ta = -40°C to +85°C 


S42WD61-2.7 


S42WD61-A 


S42WD61-B 




Symbol 


Parameter 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 


Vtrip 


Reset Trip Point 


2.55 


2.7 


i,25 








V 


tPURST 


Power-Up Reset Timeout 


130 


270 


130 


270 


130 


270 


ms 


tRPD 


Vtrip to RESET Output Delay 




5 




5 




5 


US 


Vrvalid 


RESET Output Valid 


1 




1 




1 




V 


tGLITCH 


Glitch Reject Pulse Width 




30 




30 




30 


ns 


VOLRS 


RESET Output Low Voltage loL= 1mA 




0.4 




0.4 




0.4 


V 


VOHRS 


RESET Output High Voltage lOH = 800 |iA 


VCC-.75 




VCC-.75 




VCC-.75 




V 


VsenseT 


Voltage Sense Trip Point 




1.25 


1.22 


1.25 


1.22 


1.25 


V 


Vsh^seH 


Voltage Sense Hyst^)8|[ 




10 




10 




10 


mV 
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PIN DESCRIPTIONS 

Serial Clock (SCL) - The SCL input is used to clock data 
into and out of tine device. In the WRITE mode, data must 
remain stable while SCL is HIGH. In the READ mode, data 
is deeted mit m ttw Mng edge of SCL. 

Serial DMiipQii^ • TMS SDA pin is a bidirectional pin 
used to transfer data into and out of the device. Data may 
change only when SCL is LOW, except START and STOP 
conditions. It is an open-drain output and may be wire- 
ORed with arry number of open-drain or open-collector 
outputs. 

RESET - RESET is an active low open-drain output. It 
should be tied high through a pull-up resistor connected 
to Vcc. RESET is an I/O, therefore It may also be used to 
condition a RESET signal generated by another device; it 
can also be used to debounce a pushbutton input. 

RESET - RESET is an active high open drain (PFET) 
output. It should be tied low through a pull-down resistor 
connected to ground. RESET is an 1/0, therefore It may 
also be used to condition a RESET signal generated by 
another device. 

VsENSE - The VsENSE input is used as a second voltage 
sensing input. The pin is tied to a comparatorthat uses the 
precision Internal 1 .24V reference. 

ViJ# -11ie V|Mrt»itptttte an open drain which Is driven 
low whenever!^ ¥jsense input is less than 1.24V. For 
connect operatton this output should be tied high through 
e^s/tor mmetited to Vcc. 



ENDURANCE AND DATA RETENTION 

The S42WD61 Is designed fbr applications requiring 
1 ,000,000 erase/write cycles and unlimited read cycles. It 
provides 100 years of secure data retention, with or 
without power applied, after the es^ution of 1 ,000,000 
erase/write cycles. 

Reset OontroHar Dea^pHen 

The S42WD61 provides a precision RESET controller 
that ensures correct system operation during brown-out 
and power-up/-down conditions. It is configured with two 
open drain RESET outputs; pin 7 is an active high output 
and pin 2 is an active low output. For proper operation pin 
7 should be tied low through a pull-down resistor while pin 
2 should be ttiacliigtl'tfirough a resistor connected to Vcc- 



During power-up, the RESET outputs remain active until 
Vcc reaches the Vtrip threshold and will continue driving 
the outputs for approximately 200ms after reaching Vtrip. 
The RESET outputs will be valid so long as Vcc is > 1 .OV. 
During power-down, the RESET outputs will begin driving 
active when Vcc falls below Vtrip. 

The RESET pins are l/Os; therefore, the S42WD61 can 
act as a signal conditioning circuit for an external^ applied 
reset. The Inputs are edge triggered; that Is,%b RESET 
input will initiate a rese t timeout after detecting a low to 
high transition and the RESET input will initiate a reset 
timeout after detecting a high to low transition. Refertothe 
applications information section for more details on de- 
vice operation as a reset conditioning circuit. 

Voltage Sensor Description 

The S42WD61 provides an additional voltage sensor 

which is internally compared to the internal 1.24 volt 
reference voltage. Whenever the Vsense input is below 
1 .24 volts, the Vlow output will be driven low. An external 
resistor divider Is used to set the desired system trip 
volteige. 

This input can be used in two manners. The first example 
might be to sense unregulated DC or battery voltage in a 
battery powered application and to generate an Interrupt 
in the case of either a low voltage from the battery or the 
failure of power in the system. The system power supply 
can then be designed to insure that the output capaci- 
tance is high enough to provide sufficient time to perform 
housekeeping tasks, such as the storing of the system 
status In the E^PROM, prtortothefWisei|iHbh#tieflli^r 
signal. (Figure 1) 

The second use for this input might be to sense a second 
power supply level, su ch as 3 .3 volts in a dual voltage 
system. In this case, the Vlow output could be connected 
to the RESET output to generate a reset condition when- 
ever either supply is not vajid. (Figure 2) 
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mURE 6. ACKNOWLEDGE RESPONSE FROM RECEIVER 



CHARACTERISTICS OFliSlPC BUS 
General Description 

The I^C bus was designed for two-way, two-line serial 
communication between different integrated circuits. The 
two lines are: a serial data line (SDA), and a serial clock 
line (SCL). The SDA line must be connected to a positive 
supply by a pull-up resistor, located somewhere on the 
bus (^m Figure 1). Defti transfer between devices may 
be inWated witfi a STAffiT condition only when SCL and 
SDA are HIGH (bus is not busy). 

Input Data Protocol 

One data bit is transferred during each ciocl< pulse. The 
data on the SDA line must remain stable during clock 
HIGH time, because changes on the data line while SCL 
is HIGH will be interpreted as start or stop condition, refer 
to Figure 4. 

START and STOP Conditions 
When both the data and clock lines are HIGH, the bus is 
said to be not busy. A HIGH-to-LOW transition on the data 
line, while the clock is HIGH, is defined as the "START' 
condition. A LOW-to-HIGH transition on the data line, 
while the clock is HIGH, is defined as the "STOP" condi- 
tion (See Figure 4). 

DEVICE OPERATION 

The S42WD61 is a 16K-bit serial E^PROM. The device 

supports the 1^0 bidirectional data transmission protocol. 
The protocol defines any device that sends data onto the 
bus as a "transmitter" and any device which receives data 
as a "receiver." The device controlling data transmission 
is called the "master" and the controlled device is called 
the "slave." In all cases, the S42WD61 will be a "slave" 
device, since it never initiates any cteEta transfers. 

Acknowledge (ACK) 

Acknowledge is a software convention used to indicate 
successful data transfers. The transmitting device, either 
the master or the slave, will release the bus after transmit- 
ting eight bits. During the ninth clock cycle, the receiver 



will pull the SDA line LOW to ACKnowledge that It re- 
ceived the eight bits of data (See Figure 6). 

The S42WD61 will respond with an ACKnowledge after 
recognition of a START condition and its slave address 
byte. If both the device and a write operation are selected, 
the S42WD61 will respond with an ACKnowledge after 
the receipt of each subsequent 8-bit word. 

In the READ mode, the S42WD61 transmits eight bits of 
data, then releases the SDA line, and monitors the line for 
an ACKnowledge signal. If an ACKnowledge is detected, 
and no STOP condition is generated by the master, the 
S42WD61 will continue to transmit data. If an 
ACKnowledge is not detected, the S42WD61 will terminate 
further data transmissions and awaits a STOP condiOon 
before returning to the standlsy power nfiode. 

Device Addressing 

Following a start condition the master must output the 
address of the slave it is accessing. The most significant 
four bits of the slave address are the device type identifier 
(see figure 7). For the S42WD61 this is fixed as 1 01 0[B], 

Word Address 

The next three bits of the slave address are an extension 
of the array's address and are concatenated with the eight 
bits of address in the word address field, providing direct 
access to the 2,048 X 8 array. 

Read/Write Bit 

The last bit of the data stream defines the operation to be 
performed. When set to "1 ," a read operation is selected; 
when set to "0," a write operation is selected. 
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1 1 
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WRITE OPERATIONS 

TheS42WD61 allows two types of write operations: byte 
write and page write. The byte write operation writes a 
single byte during the nonvolatile write period (twR). The 
page write operation allows up to 16 bytes in the same 
page to be written dufilig iMi, 

Byte WRITE 

AMsr the ^ave siMnsa is sent (to identify the slave 
device, specify high order word address and a read or 
write operation), a second byte is transmitted which 
contains the low 8 bit addresses of any one of the 2,048 
words In the array. 

Upon reeelpt of the word address, the S42WD61 re- 
sponds with an ACKnowledge. After receiving the next 
byte of data, it again responds with an ACKnowledge. The 
master then terminates the transfer by generating a 
STOP condition, at which time the S42WD61 begins the 
intem^ wi^ 

While ttietoiepnt wrlte cycle is in progress, the S42WD61 
inputs ararelisabled, and the device will not respond to any 
requests from the master. Refer to Figure 8 for the 
address, ACKnowledge and data transfer sequence. 



Page WRITE 

The S42WD61 Is capable of a 16-byte page write opera- 
tion, it Is initiated in the same manner as the byte-write 
operation, but instead of terminating the write c^dle after 
the first data word, the master can transmit up to 1 5 more 
words of data. After the receipt of each word, the 
S42WD61 will respond with an ACKnowledge. 

The S42WD61 automatically increments the address for 
subsequent data words. After the rec^^ of ea^ word, 
the four low order address bits are internally incremented 
by one. The high order five bits of the address byte remain 

constant. Should the master transmit more than sixteen 
words, prior to generating the STOP condition, the ad- 
dress counter will "roll over," and the previously written 
data will be ovenwritten. As with the byte-write operation, 
all inputs are disabled during the internal write cycle. 
Refer to Figure 8 for the address, ACKnowledge and data 
transfer sequence. 
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Acknowledige PQlling 

Wh«t1lw liilM@Si «» performing an internal WRITE 
operation, it will ignore any new START conditions. Since 
the device will only return an acknowledge after it accepts 
the START, the part can be continuously queried until an 
acknowledge Is issued, indicating that the internal WRITE 
cycle 1$ SQRigliAe. 

To pcMai»tfmieii#K»'tt a START condition, followed by 
a sl8M»«id(iresif^a WRITE operation (See Figure 7). 



Internal WRITE Cycle 
In Progress; 
Begin ACK Polling 




Issue Stop 
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FIGURE 9. ACKNOWLEDGE POLLING 



READ OPERATIONS 

Read operations are initiated wi^ the. R/W bit # ttm 
identification field set to "1 ." There are imx <smmMimt0 
options: 

1 . Current Address Byte Read 

2. Random Address Byte Read 

3. Current Address Sequential Read 

4. Random Address Sequential Read 

Current Address Byte Read 
The S42WD61 contains an intemai address counter 
which maintains the address of the last word accessed, 
incremented by one. If the last address ao^esed (either 
a read or write) was to address location n, ttie r^id 
operation would access data from address location n-f 1 
and increment the current address pointer. When the 
S42WD61 receives the slave address field with the R/W 
bit set to "1 ," it issues an acknowledge and transmits the 
S-bit word stored at address location n+1 . 

The current address byte read operation only accesses a 
single byte of data. The masterdoes not acknowledge the 
transfer, but does generate a stop condition. At this point, 
the S42WD61 discontinues data transmission. See 
Figure lOfortheaM^as|taapi!^ii^arKjdatatra^ 
sequence. 
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FIGURE 10. CURRENT ADDRESS BYTE READ MODE 
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Random Address Byte Read 

Random address read operations allow the master to 
access any memory location in a random fashion. This 
operation involves a two-step process. First, the master 
issues a whte command which includes the start condi- 
tion and the slave address field (with the R/\N bit set to 
WRITE) followed by the address of the word it is to read. 
This procedure sets the internal address counter of the 
S42WD61 to the desired address. 



After the word address acl<nowledge is received by the 
master, the master immediately reissues a start condition 
followed by another slave address field with the RA/V bit 
set to READ. The S42WD61 will respond with an acknowl- 
edge and then transmit the 8-data bits stored at the 
addressed location. At this point, the master does not 
acl<nowledge the transmission but does generate the stop 
condition. The S42WD61 discontinues data transmission 
and reverts to its standby power mode. See Figure 1 1 fm 
the addr^, adoiowtedge and data tiansW«lqiMllllii-^ 
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Sequential READ 

Sequential READs can be initiated as eittier a current 
address READ or random access READ. Tlie first word is 
transmitted as with ttie other byte read modes (current 
address byte READ or random address byte READ); 
however, the master now responds with an ACKnowledge, 
indicating that it requires additional data from the 
S42WD61 . The S42WD61 continues to output data for 
each ACKnowledge received. The master terminates the 
sequential READ operation by not responding with an 
ACKnowledge, and Issiimss^j^ conditions. 



During a sequential read operation, the internal address 
counter is automatically incremented with each acknowl- 
edge signal. For read operations, all address bits are 
Incremented, allowing the entire array to be read using a 
single read command. After a count of the last memory 
address, the address counter will 'roll-over* and the 
memory will continue to output dafa. See Figure 12forthe 
address, acknowledge and data tmu^r sequence. 
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Watchdog Timer Operation 

The S42WD61 has a watchdog timer with a nomina l timeout period of 1 .6 seconds. Whenever the watchdog times 

out it will generate a reset output on both RESET and RESET. The watchdog timer will reset to to whenever the 
S42WD61 issues an ACKnowledge. Therefore, the host system will need to issue a start condition, followed by 
a valid address and command. It can be a normal command as in the sequence of reading or writing to the memory, 
or it can be a dummy command issued solely for the purpose of resetting the watchdog timer. Refer to Figure 1 5 
for detailed sequence of operations. 

The watchdog timer will be held in the reset state during power-on while Vcc is less than Vtrip. Once Vcc exceeds 
Vtrip, the watchdog will continue to be held in a reset state for the duration of tpuRST- After tpuRST, the timer will 
be released and begin counting. 

If either reset input is asserted the watchdog timer will be reset and remain in the reset condition until either tpuRsr 
has expired or the reset Input is released, whichever is longer. 

If the watchdog times out and no action Is taken by the host, the S42WD61 will drive the reset outputs active for 
the duration of tpuRsr at which point it will release the ou^uts and begin the watchdog timer again. Refer to Figure 
16 for detailed sequence of operations. 
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Frequently the reset controller will be deployed on a PC board that provides a peripheral function to a system. 
Examples might be modem or network cards In a PC or a PCMCIA card in a laptop. In instances lil<e this the peripheral 
card may have a requirement for a clean reset function to insure proper operation. The system may or may not provide 
a reset pulse of sufficient duration to clear the peripheral or to protect data stored in a nonvolatile memory. 

The I/O capability of the RESET pins can provide a solution. The system's reset signal to the peripheral can be fed 
into the S42WD61 and It in turn can clean up the signal and provide a known entity to the peripheral's circuits. The 
figure t>elow shows the basic timing characteristics under the assumption the reset Input is shorter in duration than 
tpuf^. The same reset output affect can be attained by using the active high reset input. 
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Wmtiimfitt^fmmfa^a$i»i1^l^!^M pull-down values, use the following chart to help detemnine mln. resistances. 
Worst Case RESET Sink/Source Capabilities at Various Vcc Levels 
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Vol 


Vcc = 1.0V, ioL=100jiA 






0.3 
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Voltage 


Vcc = 1.2V, loL=100nA 






0.3 
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Vcc = 3.0V, Iol=500mA 
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Vol 


Vcc = 1.0V, loL=100nA 
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Vcc = 1.2V, ioL=150^lA 
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Vcc-0.75 






V 


Vcc = 1.2V, loH=800nA 


Vcc-0.75 






V 
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SECTION 7 Voltage Supervisory Circuits 

SMS1223 Voltage Supervisory Circuit , 7-3 
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I^SUMMIT 

L I MICROELECTRONICS, Inc. SMS1223 

+5V and +3V Low Power Voltage Supervisory Circuits Advance information 

with Adjustable Secondary Sense Circuit and Watchdog 



FEATURES 

• Precision Vcc Monitor Circuit 

• Three Operating Voltage Options 

+5V + 10% Supply 
+5V± 5% Supply 
+3V± 10% Supply 

• Complementary reset outputs 

• Guaranteed assertion of reset outputs 
at or above Vcc=1 V 

• Secondary user adjustable monitor 

• Comparator reference 1.25V 

• CimicfeaAicHJtput 

• Wftrt^dog tfmeout period 1.6 second 



OVERVIEW 

The SMS1 223 voltage superoisory ^n^prpyfcieSMIi' • 
tor and control activities for a MPU% or MCU^ ^fiply 
voltage, either a 5V or 3V supply. Whenever Vcc is below 
Vtrip the SMS1223 will drive the complementary reset 
outputs. 

Additional features include a watchdog and a second user , 
adjustable voltage monitor input. Tte oirtpui fF0iii4tB>' 
second sensor can either be wire-OR'ed with the RESET 
I/O or tied to a system interrupt. 



FUNCTIONAL Bi.0CK DIAGRAIUI 
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PIN NAMES 



Pin 


Name 


Function 


1 


Vlow 


Vlow is an active low open drain output. It is driven low whenever the Vsb>ise 
input is less than 1 .25V. Vlow does have an internal pull-up resistor 


2 


RESET 


HkSbl is an active low open drain output. It is driven low whenever Vcc is below 
Vtrip- reset is also an input and can be used to debounce a switch input or 
perfonn signal conditioning. The hEiiE'T pin does have an internal pull-up and 
should be left unconnected if the signal is not used in the system. However, when the 
pin is tied to a system RESETline an external pull-up resistor should be employed. 


3 


VsEN^ 


VsENSE is a high impedance input to the secondary comparator. Connect this pin to 
the center point of an external resistor voltage-divider networl< to set the Vlow trip 
level. The Vlow trip thr^hold voltage Is calculated as follows: 
VTRIP = 1 .26 X (R1 + RZy R2 


4 


GND 


Ground 


5 


NC 


■ — ■ ■ — ■ — ■ — ■ ■ ■ - 

No connect - float or tie to ground 


6 


WDI 


Watchdog Input. A rising or falling transition must occur on this input w^iin IWD 
(typically 1 .6 seconds) or a reset pulse will occur. The watchdog timer #sws and 
restarts with any transition on WDI. 


7 


RESET 


RESET is an active high open drain output. It is driven high whenever Vcc is below 
Vtrip. RESET is also an input and can be used to debounce a switch Input or 
perform signal conditioning. The RESET pin does have an intemal pull-down and 
should be left unconnected if the signal is not used in the system. However, when the 
pin is tied to a system reset line an external pull-down resistor should be employed. 


8 


Vcc 


Supply voltage (-A = 5V±10%, -B = 5V±5%, -2.7 - 3V±10%) 
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SECTION 8 Data Conversion Products 

S9408 Quad 8-bit Nonvolatile DACPOT™ 8-3 

S9418 Quad 8-bit Nonvolatile DACPOT™ with a Mute Control Input 8-11 

SMD1102/SMD1103 2-Channel and 3-Channel, 1 0-bit Auto-Monitor 

Ma Aepii^tiBn %sfienn 8-1® 

S9318 Nonvolatile DACPOT^'^ Electronic Potentiometer with 

Up/Down Counter Interface 256 Step 8-27 

SMP9317 Nonvolatile DACPOT^" Electronic Potentionfieter with 

Up/Down Cowter (iWfe@B 193 8-33 

S9518 Nonvolatile DACPOT™ Electronic Potentiometer with 

Debounced Push Button Interface 256 Step 8-39 
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I^SUMMIT 

L I MICROELECTRONICS, Inc. mwm<M\\ i S9408 

Serial Input, Quad 8-Bit Nonvolatile DACPOT^** Preliminary 



FEATURES 

• Four 8-Bit DACS 

- Differential Non-linearity - +0.5LSB 

- Integral Non-Linearity -±1LSB 

• Each DAC has Independent Reference Inputs 

- Output Buffer Amplifiers Swing Rail-to-Rail 

- Ground to Vqd Reference Input Range 

• Each DAC's Digital Input Data Maintained in 
Nonvolatile EEPROIUI 

• Power-On Reset Reloads Registers with 
Nonvolatile Data 

• Simple Serial Interface for Reading and Writing 

Dm i«fuefs, m^mmmm^-mmmsmk.. 



OVERVIEW 

The 89408 serial input, voltage output, quad 8-bit digital 
to analog converter operates from a single +2.7V to +5.5V 
supply. Intemal precision buffers will swing rail-to-rail and 
the reference input range includes both ground and the 

positive supply. 

The 89408 integrates four 8-bit DACs and their associ- 
ated circuits which include; an enhanced unity-gain op- 
erational amplifier output, an 8-bit data latch, an 8-bit 
nonvolatile register and an industry-standard serial inter- 
face for reading and writing data to the DACs' data latches 
and registers. The DACs are independently program* 
mable and each has its mm fiiiMi^ly iScHillMj, 
Vreference inputs. 
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PINOUT and SIGNAL DEFIIi18»l 
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The analog outputs of the S9408 can be programmed to 
any one of 256 individual voltage steps. Each step value 
is 1/256*' of the voltage differential between VrefH and 
VrefL of the respective DAC. Once programmed these 
settings can be retained in nonvolatile memory during all 
power conditions and will be automatically recalled upon 
a power-up sequence. Each DAC can be independently 
read without affecting the output voltage during the read 
cycle. In addition each output can be adjusted an unlim- 
ited number of times without atteting tht value stored in 
the nonvolatile memory. 

DEVICE OPERATION 

Analog Section 

The S9804 is an 8-bit, voltage output digital-to-analog 
converter (DAC). The DAC consists of a resistor network 
that converts 8-bit digital inputs into equivalent analog 
output voltages in proportion to «VI Ipplld mimmm 
voltage. • 

Reference Inputs 

The voltage differential between the Vrefl ani ^^sfh 
inputs sets the full-scale output voltage for its respective 
DAC. Vrefl must be equal to or greater than ground 
(positive voltage). Vrefh must be greater (more positive) 
than Vrefl and less than Vpo. 



S9408 

Preliminary 



Pin 


Name 


Function 


1.2 
20, 19 


Vrefh 


Vreference High: 
Vrefh 5 Vdd > Vrefl 


3 


Vdd 


Power Supply Voltage 


4 


RUYraoY 


Heaay/Dusy. open mmn owpui 
indicating status of ti@Avdfeltne 

write operations 


5 


CLK 


Clock Input Pin: used for serial 
data communication 


6 


Ob 


Chip Select: When high deselects 
the device and places it in a low 
power mode 


7 


Dl 


Data Input: serial data input pin 


Q 

o 




{Jala WUipUl. oc^rial Udld UUl^Ul |Jnl 


9 


00/REG 


Power On Recall Option Input 


10 


GND 


Power Supply Ground 


11, 12 

13, 14 


Vrefl 


Vreference Low: 

Vrefl > GND < Vrefh 


15, 16 
17, 18 


Vqut 


DAG Output: buffered D to A 
converter output 



Output Buffer Amplifiers 

The voltage outputs are precision unity-gain followers that 
slew up to 1 V/|is. The outputs can swing from Vrefl to 
Vrefh. With a OV to 5V output transition the amplifier 
outputs typically settle to 1LSB in 50^. 

DIGITAL INTERFACE 

The S9408 employs a common 4-wire serial interface, it 
is comprised of a Clock (CLK), Chip Select (C5) and Data 
In (Dl) input and a Data Out (DO) output. Data is clocked 
into the device on the clock's rising edge and out of the 
device on the clock's falling edge. Data is shifted in and 
out MSB first. DO only becomes active after the device 
has been selected mi after a valid read command and 
address has been received. 

All data transfers are initiated after CS^goes LOW and a 
logic '1 ' is clocked into the device. This first data transfer 
is the start bit and must precede all operalMt. Following 
ttte start bit are two command bits used to specify which 
of four commands to execute. The next two bits are the 
address bits used to select one of the four DACs. The 
action of the next eight clock cycles will be dependent 
upon the command issued. 
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J 



s 


Ch 


Cl 


Ah 


Al 




1 








A 


A 


NV Enable - Data Don't Care 


1 





1 


A 


A 


Write Command - Data In 


1 


1 





A 


A 


Read - Data Out 


1 


1 


1 


A 


A 


Recall -Data Don't Care 



TABLE 1. COMMAND FORMAT 



Internally there are four DACs and associated with each 

are two registers. There is one data register that is used 
by the DAG to hold the digital value it converts. There is 
also one nonvolatile register that holds the default value 
that can be recalled into the data register during power- 
up or by executing ttie Recall command. 

READ 

Read operations are initiated by taking CS" LOW and 
clocking in a start bit followed by the read command and 
the address of the data register to be read. The next eight 
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Preiiffliiiiaiy 

clocks will output on the DO pin the contents of the 
selected data register. This read will not affect the con- 
tents of the register or the output of the DAG. Refer to 
Figure 1 for an Illustration of the sequence of bus conii- 
tions for a read operation. 

WRITE 

Write operations are initiated by taking CS~ LOW and 
clocking In a start bit followed by the write command and 
the address of the data register to be written. This action 
Is followed by the host clocking eight bits of data into the 
register, MSB first. The output of the selected DAG will 
change as the last bit is clocked into the device. At this 
point the clock counter will reset the command register, 
requiring a full sequence to be initiated in order to write to 
the DAC again. NOTE: This write opera^on does not 
aftect ffie contents of the nonvolatile m^tar. Therefore, 
the nonvolatile register can contain the paum-^ tiffault 
settings (e.g. volume), and the write DAC c&mmmd can 
be used to mai<e situational adjustments. Refer to Rgure 
2 for an illustration of the sequence of bus conditions for 
a write opcMem. 




FIGURE 1. READ SEQUENCE 
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Preliminary 



RDY/BSY 



VOUT 




Pulled Up to VDO 



FIGURE 2. WRITE SEQUENCE 



Rising EdgeSels 
NVWrite Enable Latch 



CS 
CLK 



A. 



_^//yz^//A 



Rising Ectoe 3arts 
NV Write 



.j\pj\j\jjj\rff 



AddrassandDsta 
are Oont Care 



Puted Up to VDP 



NV Write Bialile 
Laleh is Reset 
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FIGURE 3. NONVOLATILE WRITE SEQUENCE 



NONVOLATILE WRITE 

A nonvolatile write is a two step operation: it is initiated by 
tal<ing C5"L0W and clocking in a start bit followed by the 
NV Enable command. At this point the host can take C5" 
back high or continue clocking in data. This data is don't 
care and will be ignored liy tlie §940% If any command 
other than write ^ttraws NV «Ng^ 1^ NV latch will be 
cleared. 

Next, the host takes CS'LOW again and issues a write 
command and address and then clocks in the eight data 



bits to be programmed. The host will then bring CS HIGH 
and the data will be latched into the data register and a 
nonvolatile write operation will commence. 

The status of the nonvolatile write can be monitored on the 
RDY/BSY pin. A logic low indicates the write is still in 
progress and the S9408 will not be accessible to the host; 
a logic high indicates the write has completed and the 
S9408 is ready for the next command. Refer to Figure 3 
for an illustration of the sequence of bus conditions for a 
nonvolatile write op^eration. 
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RECALL COMMAND 

The recall command will retrieve data from the selected 
nonvolatile register and write it into the data register of the 
associated DAC. This operation is initiated by taking C5" 
LOW and clocking in a start bit followed by the recall 
command and the address of the nonvolatile register to be 
recalled. The eight bits of data are don't care, so CS'can 
be taken high any time after the address bits are clocked 
in. Refer to Figure 4 for an illustration of the sequence of 
bus conditions for a Recall operation. 



Preliminary 

Power-on recall 

Whenever the S9408 is powered on the DAC ou^ut 

values will be returned to the selected default setting. The 
default setting can be the nonvolatile register contents or 

all zeroes. The state of the 00/REG pin will determine 
which operation will be performed. If it is tied to ground 
(or left floating) the nonvolatile register contents will be 
recalled. Conversely, if it is tied to Vdd the S9408 will recall 
zeroes. 



CS 



CLK 



Dl 



/////// 



^VWWWV 



S Ci c. 



A 

ft 
T 



VOUT 



FIGURE 4. RECALL COMMAND SEQUENCE 
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ABSOLUTE MAXIMUM RATINGS 

Vdd to GND -0.5V to +7V 

Digital Inputs to GND -0.5V to Vdd+0.5V 

Analog Inputs to GND -0.5V to Vqq+O.SV 

Digital Outputs to GND -0.5V to Vdd+0.5V 

Analog Outputs to GND -0.5V to Vdq+O.SV 

Temperature Under Bias -55°C to +125°C 

Storage Temperature -65°C to +150°C 

Lead Soldering (10 Sec Max) 



Stresses listed under Absolute Maximum Ratings may cause penna- 
nent damage to the device. These are stress ratings only , and functional 
operation of the device at these or any other conditions outside those 
listed in the operational sections of this specification is not implied. 
Exposure to any absolute maximum rating for extended periocte may 
affect device perfonnance and reliability. 



RECOMMENDED OPERATING CONDITIONS 



Temperature^ 


MIn 


Max 


Industrial 


-40°C 


-i-85°C 



aoispaMTS-t.i 



RELIABILITY CHARACTERISTICS (over recommended operating conditions unless otherwise specified) 



Symbol 


Parameter 


MIn 


Max 


Unit 


Test Method 


VZAP 


ESD Susceptibility 


2000 




V 


MS-883, TM 3015 


'lth 


Latch-Up 


100 




mA 


JEDEC Standard 17 


Tdr 


Data Retention 


100 




Years 


MS-883, TM 1008 


Nend 


Endurance 


1,000,000 




Stores 


MS-883, TM 1033 



2ai5PeMT312 



DC ELECTRICAL CHARACT^ipp^l^yif W^onnmended operating conditions unless othenwise specified) 



Symbol 


Parameter 


Conditions 


MIn 


Max 


Units 


Idd 


Supply Current 
(Excludes Vp£p) 


Normal Operating 




1 


mA 


<IH 


IrptA iMN^gift QMnt 


V|N = Vdd 




10 


ma 


l|L 


Input Leakage Current 


V,N=OV 




-10 


ma 


V|H 


High Level Input Voltage 




2 


Vdd 


V 


V|L 


Low Level Input Voltage 







0.8 


V 


VOH 


High Level Output Voltage 


Iqh = -400|iA 


Vdd-0.3 




V 


Vol 


Low L0Vi^ OUtpit 
Voltage 


IOL=1nf^. Vdd = +5V 
•OL= 0.4mA, Vdj) = -i-Z.TV 




0.4 
0.4 


V 
V 
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AC ELECTRICAL CHARACTERISTICS 

Vqd = +2.7V to +5.5V, Vreph = Vpo, Vrefl = OV, T^ = -40°C to +85°C, unless otherwise specifled 



Symbol 


Parameter 


Conditions 


Min. 


Typ. 


Max. 


Units 


*C 


Cloek Frscpsn^ 




DC 




1 


MHz 


*WH 


Minimum CLK High Time 




500 






f» 




Minimum CLK Low Time 




300 






ns 




Minimum CS High Time 




150 






ns 


toss 


OS Setup Time 


^ 


100 






ns 


tCSH 


CSH@ldt!me 


GL=100pF 
See Note 1 









ns 


tsg 


Data In Setup Time 


50 






ns 




DsM In Hold fhne 


50 






ns 


tv 


Output Valid Time 






150 


ns 




Data Out Hold Time 











ns 


tDIS 


Output Disable Time 






400 




ns 


*BUSY 


Write Cycle Time 






3.3 


5 


ms 



1. All tMng mmsiiraffleMsaMM^ttlha^p^ crossing VooS. 



msvmwp* 



CS 



CLK 



Dl 



DO 



RDY/BSY 



tcs 



J 



tsu- 



HiZ 



-tcss 



r 



7 V. 



tH 



tWL 


\ 







tWH 



•tv 



r 



tHO 



7V 



FIGURE 5. AC TIMING DIAGRAM 



-tCSH 



-tDIS 

HiZ 
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DAC DC ELECTRICAL CHARACTERISTICS 

= +2,7V to +5.5V, V,g,^^ = Vpp, 7^^,^ = OV, T^ = -40°C to +85°C, unless specified otiierwise 





Symbol 


Parameter 


Conditions 


Min. 


Typ. 


Max. 


Units 


Accuracy 


INL 


Integral Non-Linearity 


Iload = 50|jA, Tr = C 

To — 1 
' R — 1 


- 


0.6 
0.6 


±1 

+■( 


LSB 

LSB 








■LOAD — llAJJlrt, 1 R — o 

Tr = I 


- 


1 2 
1.2 




LSB 
LSB 




UINL 


UlllolcllUal INOri-l_li leal lly 


ILOAD — OUJIM, 1 R — O 
TR=i 


- 


n PR 
0.25 


+0 5 
±0.5 


LSB 
LSB 








lLOAD = 100pA, Tr = C 

Tr = I 


- 


0.5 

0.5 


- 


LSB 
LSB 




Vrh 


ViBfH Input Voltage 




2.5 




Vdd 


V 




Vrl 


VrefL Input Voltage 




Gnd 


_ 


Vdd-2.5 


V 




RiN 


VrefH to VrefL Resistance 




- 


38K 


- 


£2 




TCRiN 


Temperature Coefficient 

of RiN 




- 


700 


- 


ppm/°C 




ARiN 


Input Resistance Match 




- 


±0.5 


±1 


% 


Analog 


Gefs 


Full-Scale Gain Error 


D = FF 






±1 


LSB 




VOUT^o 


C\i itni It f~lffcQt \/nltQno 
^.JUipUL WllbcL VUllayc 


n — nn 


A 






IIIV 




lOVOl/T 


w T*AinnnAi*att ma 

vouT 1 enipei aiuiG 

Coefficient 


\irm — ii^An — i;niiA 

VDD — +OV, ILOAD — OvUM 


- 


- 


200 


nvrc 




II 


Amplifier Output Load Current 








100 


ma 




Rout 


Amplifier Output Resistance 


Iload = 100mA +5V 
+3V 


- 


10 
20 




a 
a 




PSRR 


Power Supply Rejection 


Iload = 1 0^A 






1 


LSBA/ 




ts 


DAC Setting Time to 1 LSB 


lOpfload, +5V 
lOpfload, +3V 




20 
20 




us 
US 




en 


Amplifier Output Noise 


f=1kH2, Vdd = +5V 




90 




nV/VFfe 




THD 


Total Harmonic Distortion 


Vrefh = 2.5V 
Vdd = +5V 

ViN = 1Vrms, f = 1kHz 




0.08 




% 




BW 


Bandwidth - 3dB 


Vdd = +5V 
Vrefh = +2.5V 
ViN = 100mVrms 




1,000 




kHz 
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I^SUMMIT 

L I MICROELECTRONICS, Inc. 



S9418 



Quad 8-Bit Nonvolatile DAGP&T™ 
With a Mute Control Input 



FEATURE 

• Four 8-Bit DACS 

— Differential Non-linearity - +0.5LSB 

— Integral Non-Linearity Error - ±1 LSB 

• Each DAC has Independent Reference Inputs 

— Output Buffer Amplifiers Swing Rall-to-Rall 

— Ground to Vdd Reference Input Range 

• Each DAC's Digital Inputs Maintained In 
EEPROM 

• Power-On Reset Reloads Registers with 
Nonvolatile ttalta 

• Simple Serial Interfaee for Reading and Writing 
DAC values, SPI^ and QSPI™ compatible. 

• Fully operational from 2.7VltlSV 

• Available In both Commercial and Industintt 
Temperature Ranges 



flif^lit® seriaj ii^iput, voltage output, quad 8-bit digital 
to analog converter operates from a single +2 .7V to +5 . 5 V 
supply. Internal precision buffers will swing rail-to-rail and 
the reference input range Includes both ground and the 
positive suppty. 

The S9418 integrates four 8-bit DACs and their associ- 
ated circuits which include; an enhanced unity gain opera- 
tional amplifier output, an 8-bit data latch, an 8-bit non- 
volatile register and an industry standard serial interface 
for reading and writing data to the DACs' data latches and 
registers. The DACs are independently programmable 
and each has its own electrically isolated Vreference 
inpi^. 



FUNCTIONAL BLOCK DIAGRAM 



HDV/BSY- 



Programming 
Memory 
Controller 



CS 
Dl- 
CLK- 

MUTE 

vdd- 

GND - 



Control 
l-ogic 



Memory Control 



Serial Dat<, In 



8-bit E2PR0M 



8-bit Data RegisI 



Serial Data Out 



8-bit DAC 




DAC Section 



DAC Section 1 



DAC Section 2 



DAC Section 3 



- VrefHO 
-VoUTO 

-vreflo 



- vrefhi 

- VOUTI 

- VREFL1 



VREFH2 
VOUT2 



VREFH3 
VOUT3 
■ VreFU 

DO 



eSUHMrnynCROELECTFIONICS, inc. 1998 
20231.493198 
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CharacteristiGs subject to ctiange wittraut notice 



PINOUT and SIGNAL DEFINITION 



VREFH1 


1 


1 r r ' 


20 


VREFH2 


VREFHO 


2 




19 


VREFH3 


VDD 


3 




18 


VOUTO 


RDY/BSY 


4 




17 


V0UT1 


CLK 


5 




16 1 VOUT2 


CS 


6 




15 


VOUT3 


Dl 


7 




14 


VREFL3 


DO 


8 




13 


VREFL2 


MUTE 


9 




12 


VREFLI 


om 


JO 




11 


VREFLO 
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The analog outputs of the S9418 can be programmed to 
any one of 256 individual voltage steps. Each step value 
is 1/256'^ of the voltage differential between VrefH and 
VrefL of the respective DAC. Once programmed these 
settings can be retained in nonvolatile memory during all 
power conditions and will be automatically recalled upon 
a power-up sequence. Each DAC can be independently 
read without affecting the output voltage during the read 
cycle. In addition each output can be adjusted an unlim- 
ited number of times wittiout altering the value stored in 
the nonvoMe wmmt^. 

DEVICE OPERATION 

Analog Section 

The S9418 is an 8-bit, voltage output digital-to-analog 
converter (DAC). The DAC consists of a resistor network 
that converts 8-bit digital inputs into equivalent analog 
output voltages in proportion to the applied reference 
voltage. 

Reference inputs 

The voltage differential between the Vrer, $ni Vrefh 
inputs sets the full-scale output voltage for its respective 
DAC. Vrefl must be equal to or greater than ground 
(positive voltage). Vrefh must be greater (more positive) 
than Vrefl and less than Vdd. 



Pin 


Name 


Function 


1. 2 
20, 19 


» tttrn 


Vreference High; 
Vrefh S Vdd > Vrefl 


3 


Vdd 


Power Supply Voltage 


4 


RDY/BSY 


Ready/Busy: open drain output 
indicating status of nonvolatile 
write operations 


5 


CLK 


Clock Input Pin: used for serial 
data communication 


6 


CS 


Chip Select: When high deselects 

the ^'.-'.■M.^n ^nr] pipnpq it in 3 loW 


7 


Dl 


Data Input: serial data input pin 


8 


DO 


Data Output: serial data output pin 


9 


IVIUTE 


When active forces Vout to Vrefl 


10 


GND 


Power Supply Ground 


11, 12 
13, 14 


Vrefl 


Vreference Low 


15, 16 
17,18 


VOUT 


DAC Output: buffered D to A 
converter output 



Output Buffer Amplifiers 

The voltage outputs are from precision unity-gain follow- 
ers that can slew up to 1 V/\xs. The outputs can swing from 
Vrefl to Vrefh. With a OV to 5V output transition the 
amplifier outputs typically settle to 1LSB in 50ps. 



DIGITAL INTERFACE 

The S9418 employs a common 4-wire serial interface. It 
is comprised of a Clock (CLK), Chip Select (CS) and Data 
In (Dl) input and a Data Out (DO) output. Data is clocked 
into the device on the clock's rising edge and out of the 

device on the clock's falling edge. Data is shifted in and 
out IVISB first. DO only becomes active after the device 
has been selected aod after a valid read command and 
address has been received. 

All data transfers are initiated after CS'goes LOW and a 

logic '1 ' is clocked into the device. This first data transfer 
is the start bit and must precede all operations. Following 
the start bit are two command bits used to specify which 
of four commands to execute. The next two bits are the 
address bits used to select one of the four DACs. The 
action of the next eight clock cycles will be dependent 
upon the command issued. 
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s 


Ch 


Cl 


Ah 


Al 




1 








A 


A 


NV Enable - Data Don't Care 


1 





1 


A 


A 


Write Command - Data In 


1 


1 





A 


A 


Read - Data Out 


1 


1 


1 


A 


A 


ReGail -Data Don't Care 



TABLE 1. COMMAND FORMAT 
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MBTnaily there are four DACs and associated with each 
are two registeffs. There is one data register that ts used 
by flie DAC 1o hold the <nglsd widue It eciMviitSii^ 
also one nonvolaffle regi^M 'hQli& ttiB ileMi wifue 
that can be recalled Into the data reg^Mwr cMng pemr- 
up or by executing the Recall command. 

READ 

nmd operations are initiated by tsdcing LOW and 
liaddng in a stait bit followed by the read command and 
the adGh@ss of the data registertobe fNtd. The next eight 



clocks will output on the DO pin the contents of the 
selected data reg^er. This read will not affect the con- 
tents of the register or the output of the DAG. Refier ^ 
Figure 1 for an illustration of the sequence of bus eoai^ 
tions for a «|ad.«lpwaitcKi. 

WRITE 

Write operations are Initiated by taking CS" LOW «rii 
clocking in a start bit followed by the write command Slid' 
the address of the data registerlo be wtlt«i. This aeion 
is followed by the host clocking eight bits of data into the 
register, MSB first. The output of the selected DAC will 
change as the last bit is clocked into the device. At this 
point the clock counter will reset the command register, 
requiring a full sequence to be initiated in order to write to 
the DAC again. NOTE: This write operation does not 
affect the contents of the nonvolatile register. Therefore, 
the nonvolatile register can contain the power-on default 
settings (e.g. volume), and the write DAC command can 
be used to make situational adjustments. Refer to Figi^ 
2 for an illustration of the se^mnm of bus conditions for 
a write opemUon. 



CS 
CLK 



A. 



DO 



RDY/BSY 




Pulled Up to VDD 



FIGURE 1. READ SEQUENCE 
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S9418 



RDY/BSY 



VOUT 




Pulled Up to VDD 



al^ 1051.0 



FIGURE 2. WRITE SEQUENCE 



AcfckfWB and Data 
an Don't Care 




FIGURE 3. NONVOLATILE WRITE SEQUENCE 



NONVOLATILE WRITE 

A nonvolatile write is a two step operation: it is Initiated by 
taking CS'LOW and clocking in a start bit followed by the 
NVWrite Enable command. At this point the host can take 
C5"back high or continue clocking in data. This data is 
don't care and will be ignored by the S9418. 

Next, the host takes CS'LOW again and issues a write 
command aoci w^ess an^ ttien clocks In the eight data 
bits to bepregi«Tmiei. Itie ho^will then bring^HIGH 



and the data wiil be latched into the data register and a 
nonvolatiie write operation will commence. 

The status of the nonvolatile write can be monitored mftm 
RDY/BSY pin. A logic low indicates the write is stiii in 
progress and the S941 8 wiii not be accessibie to the host; 
a logic high indicates the write has corqpleted and the 
S941 8 is ready for the next command. to Figure 3 
for an illustration of the sequence of^us oonditioiis kx a 
nonvolatile write operation. 



S94tS 



RECALL COMMAND 

The recall command will retrieve data from the selected 
nonvcdtfile raster arKi)wtt@ it into the data register of the 
associated DAC. This opeiffflon is initiated by taldng CS" 
LOW and cloclcing In a start bit followed by the recall 
command and the address of the nonvolatile reglsterto be 
recalled. The eight bits of data are don't care, so CS can 
be taken high any time after the address bits are clocked 
in. Refer to Figure 4 for an illustration of the sequence of 
bus conditions for a Recall operation. 



Power-On Recall 

Whenever the S941 8 is powered on, the Vour vaim»Wi 
be retumed to the analog equivalent of the data byl» 
stored in the nonvolatile register. 

MUTE Operation 

The MUTE input is active high. Whenever the Input is low, 
the VouT will reflect the value in the data register, if MUTE 
is driven high the Vqut outputs will be switebed to Vrefl- 
Releasing the MUTE input returns the Vour ou^uts to the 
analog equivalent of the data regi^r contents. 



CS 



CLK 



01 



fTTTTn 



AAAAA/VW 



J 



Vour 



^1 ^0 



V 



1 



FIGURE 4. RECALL COMMAND SEQUENCE 
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ABSOLUTE MAXIMUM RATINGS 

VpD to GND -0.5V to +7V 

Digital Inputs to Gnd -0.5V to Vqqi-O.SV 

Analog Inputs to ground -0.5V to Vqq+O.SV 

Digital Outputs to Gnd -0.5V to Vqq+O.SV 

Analog Outputs to Gnd -0.5V to Vdo+0.5V 

Temperature Under Bias -55°C to +1 25°C 

Storage Temperature -65°C to +150°C 

L«ad ^idaMiiftA SesrMtt() ■■■ 300°C 



stresses listed under Absolute Maximum Ratings may cause perma- 
nentdamagetothedevioe. Theseatestrassratingsonly.andfunGtfonal 
operation of the device at these or any other conditions outside those 
listed In the operational sections of this spedficadon is not Impilad. 
Exposure to any absolute maximum rating for extended peiiode may 
affect devica performance and reliabiiity. 



RECOMMENDED OPERATING CONDITIONS 



Temperature 


Min 


Max 


Industrial 


-40°C 


-h85°C 
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RELIABILITY CHARACTERISTICS (over recommended operating conditions unless otherwise specified) 



Symbol 


Parameter 


Min 


Max 


Unit 


Test Method 


VZAP 


ESD Susceptibility 


2000 




V 


IV1S-883, TM 3015 


'lth 


Latch-Up 


100 




mA 


JEDEC Standard 17 




Data Retention 


100 




Years 


IVIS-883, TM 1008 


Nend 


Endurance 


1,000,000 




Stores 


MS-883,TM 1033 



aBSSPQMTSI.I 



DC ELECTRICAL CHARAgj^innCS (evw wcommended operating conditions unless otherwise specified) 



Symbol 


Parameter 


Conditions 


Min 


Max 


Units 


'do 


Supply Current 
(Excludes Vpi^p) 


Normal Operating 




1 


mA 


l|H 


Input Leakage Gunient 


V|N = Vdd 




10 


HA 


l|L 


Input Leakage Cunent 


V|N=OV 




-10 


ma 


V|H 


Higli Level Input Voltage 




2 


Vdd 


V 


V|L 


Low Level Input Voltage 







0.8 


V 


VOH 


High Level Output Voltage 


Iqh = -400mA 


Vdd-0.3 




V 


Vol 


Low Level Output 
Voltage 


IOL=1mA, Vdd = +5V 




0.4 
0.4 


V 

V 
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AC EyECTRi^ CHARACTERISTICS 

Vdo = +2.7V to +5.SV, ¥if^ =« Vdd, Vrefl = OV, Ta = -40°C to +85°C, unless otherwise specMed 



Symbol 


Parameter 


Conditions 


Min. 


Typ. 


Max. 


Units 


fc 


Clock Frequency 




DC 




1 


MHz 




MInSmum ^JCt<Hgi finis 




500 






ns 


tWL 


Minimum CLK Low Time 




300 






ns 


fes 


Minimum CS High Time 




150 






ns 


'CSS 


CS Setup Time 




100 






ns 


*CSH 


CSMeMTInM 


CL=100pF 









ns 


tsu 


Data In S^i^ time 


50 






ns 




Data In Hold Time 


SO 






ns 




Output Vattd Ttoie 






150 


ns 




Data Out Hold Time 











ns 


tois 


Output Disable Time 






400 




ns 


tBUSY 


Write Cycle Time 






3.3 


5 


ms 



Notes: 1. All timing measurements are defined at the point of signal crossing Vdd/2. xea pmi'mM 



tcs 



CS 



CLK 



V 



J 



r 



r 



tsu- 



Dl 



DO 



7V 



HiZ 



tH 



tWL 



tWH 



-tv 



-tCSH 



\/ \ HiZ 

J\ / 



RDY/BSY 



-tois 



FIGURE 5. AC TIMING DIAGRAM 
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S9418 



DAC ELECTRICAL CHARACTERISTICS 

= +2.7V to +5.5V, V^gj^ = Vdq, V^gfL = OV, T^^ = -40°C to +85°C, unless specified otherwise 





Symbol 


Parameter 


Conditions 


Min. 


Typ. 


Max. 


Units 


Accuracy 


INL 


Integral Non-Unearity 


Iload = 50mA, Tr = C 

Tr = I 


- 


0.6 
0.6 


±1 
±1 


LSB 
LSB 








Iload =100mA, Tr=C 

Tr = I 


- 


1.2 

1.2 


- 


LSB 

LSB 




DNL 


Differential Non-Llnearlty 


Iload = 50|iA, Tr = C 
Tr = I 


_ 


0.25 
0.25 


±0.5 
±0.5 


LSB 
LSB 








Iload = 100(iA, Tr = C 

Tr = I 


_ 
- 


0.5 
0.5 


_ 

- 


LSB 
LSB 


References 


VrefH 


Vr^ Input Voltage 




2.5 


" 


Vdd 


V 




VrefL 


VrefL Input Voltage 




Gnd 




Vdd-2.5 


V 




RiN 


VrefH to VrefL Resistance 






38K 




Q 




TCRiN 


Temperature Coefficient 
of RiN 




- 


700 


- 


ppm/°C 




ARiN 


Input Resistance Match 






±0.5 


±1 


% 


Analog 


Gefs 


Full-Scale Gain Error 


D = FF 






1 


LSB 


Output 


VoutZS 


Output Offset Voltage 


= 00 







20 


mV 




TCVouT 


VouT Temperature 
Coefficient 


Vdd = +5V, Iload = SOjiA, 


- 


- 


200 


mv/°c 




II 


Amplifier Output Load Current 








100 


UA 




Rout 


Amplifier Output Resistance 


Vdd = VrefH +5V 
+3V 


- 


10 
20 




a 
a 






Power Supply Rejection 


■ load = lUHA 






H 

1 


Lots/ V 




ts 


DAC Setting Time to 1 LSB 


10pf +5V 
10pf +3V 




20 
20 




(IS 

US 




eN 


Amplifier Output Noise 


f=1kH2, Vdd = +5V 




90 








THD 


Total Harmonic Distortion 


Vrefh = 2.5V 
Vdd = +5V 

ViN=1Vrms, f=1kHZ 




0.08 




% 




BW 


Bandwidth - 3dB 


Vdd = +5V 
Vrefh = +2.5V 
ViN = 100mVrms 




1,000 




kHz 
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rHsummit 

g_| MICROELECTRONICS, Inc. SMD1 1 02/SMD1 1 03 

2-Channel and 3-Channel, 10-Bit Preiimirwy 
Auto-Monitor Data Acquisition Systems 



FEATURES 

• Complete Data Acquisition System 

- 10-Bit A/D Converter Resoiution 

- 26^8 Acquisition plus Conversion Time 

- Input Voltage Range, GND to Vdd 

- User-Programmable, Nonvolatile EEPF^M 
Alarm Limits for Each Input Channel 

- Auto-Increment of Input Channels 

- Two Wire I^C Serial Data Interface 

- System Management Bus (SMBus) 
Compatible 

- Auto-IUIonitor with SIVIBalert Output 

- Low Quiescent Current, 25(iA 

- Wide Supply Voltoge Range^i,7y 19 5.SV 

• SIVID1102 

- 2-Channel Analog Input 

- External Voltage Reference Input 
Provided tor Absolute Measurements 

• SMD1103 

- 3-Channel Analog Input 

- Reference Voltage Input for the A/D 
Converter is Connected to Vdd for 
Ratlometrlc Measurements 



The SMD1 102 and SMD1 1 03 each contsun a 10-bit cb9ia= 
acquisition system (DAS) with dedicated EEPROM alarm 
limit storage. Both devices communicate with the host \iP 

via a standard two-wire I^C serial interface. After pro- 
gramming at startup, tlie SIVID1 1 02/03 can automatically 
monitor one or more analog input channels, the SMD1 1 02 
and SMD1103 provide 2-channels and 3-channels re- 
spectively. If any input signal moves beyond its user- 
programmed limits, the host is notified by the SMBalert 
output. Between A/D conversions the quiescent current 
falls to around 25(iA making the SMD1 102/03 ideal for 
battery-powered equlpmenti, m» below. Tdi 
SMD11 02/03 are fabricated using ^immifs advweefit' 
CMOS EEPROM technology and are mMsMeWS^mW 
syst«T)s. 



Vdd 


Active @ 40ksps 


Quiescent 


5.25 


2.5mA 


25iaA 


3.6 


1.5mA 


25^ 


2.7 


1.2mA 


25|iA 
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BLOCK DIAGRAM 



(SMD1103 only) Ain2 - 

Aini ■ 
AinO " 



SMBALEm' 



SDA 
SOL 



Analog 
MuWplexer 



Control Logk; 



%rial Interface 



GND Vdd REFin (SMDI 102 only) 



Sample and Hold 



10-Bit 
Analog-to-Dlgital 
Converter 



10 



EEPROr^fl 
Alarm Limit 



Converter 
Clock 
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PIN <^mmmim»& 









REFiN H 


SMD1102 


sIvdd 


AIN1 |2 


7] SMBalert 


AINol 




HSCL 


GND |4 




sJSDA 








AIN2 [I 


SMD1103 


HVdd 


AIN1 I 


7] SMBalert 


AINo H 




6]SCL 


QNOg 




iSDA 




'" ■ ry 1 
u. 2 
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PIN NAMES 


SDA 


Serial Data I/O 


SCL 


Serial Clock Input 


AINo,AINi, AIN2 


Analog Channel Inputs 


GND 


Analog and Digital Ground 


SMBalert 


Interrupt Output 


Vdo 


Supply Voltage 




Reference Input 



PIN DESCRIPTIONS 

Serial Clock (SCL) - The SCL input is used to clock data 
into and out of the device. In the WRITE mode, data must 

remain stable while SCL is HIGH. In the READmode, data 
is clocked out on the falling edge of SCL. 

Serial Data (SDA) - The SDA pin is a bi-directional pin 
used to transfer data into and out of the device. Data may 
change only when SCL is LOW, except START and STOP 
conditions. It is an open-drain output and may be wire- 
ORed with any number of open-drain or open-collector 
outputs. 



SMBalert - This interrupt output pin signals the host 
when an out-of-limit conditio n is detecte d by one of the 
EEPROM IMt registers. The SNW^Mr open-drain out- 
put is active low. 

AINO, AIN1 , AIN2 - Multiplexer input pins for channels 0, 
1, and 2 respectively. AIN2 is only available on the 
SMD1103. 

REFIN - Voltage reference input for 10-bit A/D converter, 
on SMD1102only. 



Preliminary 

Endurance and Data Retention 

The EEPROM memory array and registers are designed 
for applications requiring 1,000,000 erase/write cycles 
and unlimited read cycles. It provides 100 years of secure 
data retention, with or without power applied, after the 
execution of 1 ,000,000 erase/write cycles. 

DEVICE OPERATION 

The SMD1 1 02 and SMD1 1 03 Data Acquisition Systems 
(DAS) are each comprised of: an analog input multiplexer, 
sample-and-hold circuit, 1 0-bit successive approximation 
Analog-to-Digital (A/D) Converter, and nonvolatile 
EEPROM memory to store upper and lower alarm-limits 
for each input channel. The user programs the alarm limits 
via the industry-standard I^C interface. An SMBalert 
interrupt output signals if any of the analog inputs move 
outside these limits. 

DAS Moctes of Operation 

The SMD1 102/03 have four user-selectable modes of 
operation. These modes are: a single conversion of one 
channel, successive conversions on the same channel, 
sequential conversions on all three channels, or autono- 
mous conversions of the same or all cfiannels. 

Sample-and-Hold Operation 

The channel switching and sampling architecture of the /V 
D's comparator is illustrated in the equivalent input circuit 
diagram in Figure 1. During acquisition the selected 
channel charges a capacitor in the sample-and-hold 
circuit. The acquisition interval spans the Acknowledge 
period following the command byte and ends on the rising 
edge of the 1 st dock. At the end of the acquisition phase, 
the analog input is disconnected, retaining charge on the 
hold capacitor as a sample of the signal. 



A nalog In ; Sample l_ 
i Hold ! 



Buffer 



DAC 




SAR 



SDA 
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Figure 1. Sample/Hold and SAR 



SMOtt02/SMD1103 



Preliminary 



Conversion Bit 



Read/Aul(»>M«ilil«r 







1 




1-1 I 1 


1 







1 


1 


C/E CHI CHO R/M 
1 1 1 1 



V 

Device Identifier 



Channel 
SeletA 



Figure 2: Address Byte 



Addressing and Command Sequence 

All operations of the DAS are preceded first by the start 
condition and then by the addressing command se- 
quence, 1 001 . The next bit in the addressing sequence is 
the conversion bit; when set to zero the device is in- 
structed to perform an A/D conversion, and when set to 
logic one the EEPROM limit register will be addressed. 
The next two bits are the channel select bits. If the channel 
select bits are set to 11 , and the conversion bit is set to 0, 
then auto-increment is ensiled. In ttt6 auto-lnorement 
model Gonvetsions are pdiformed on successive chan- 
nels, ^rttr^ wiHi e^i^anM 0. AAer channel 2 is converted 
(diahnel 1 on the SMD1 1 02) the address will wrap around 
to channel 0. The last bit is for mode selection. When 
mode select is set to logic one, data can be read from a 



conversion or from one of the EEPROM Itinit r^islMit 
depending on the state of the convi»sion bit. \When#^ 
mode select bit is logic zero, either the auto-monitor mode 
is entered or the EEPROM limit register Is programmed, 
again depending on the state of theeoawef^on bit. 

Single Channel Conversions 

The command sequence is the device Identifier followed 
by conversion bit set to zero and the channel select bits 
set to the desired value and R/M set to logic one. After the 

R/M bit is clocked in, the host releases the SDA line and 
monitors the SDA line for an acknowledge bit (ACK) from 
the SMD11 02/03. The device will drive the SDA line low 
indicating it received the command and that it has initiated 
the acquisition and conversion on the selected channel. 
The clocl< source for the acquisition and conversion is an 
internal clock. After the ACK, the SMD1 1 02/03 will output 
four dummy zeros on SDA followed by an echo of the 
channel's address, 2 bits. The remsMr^ bKs in ttici^i^ 
byte are the two MSBs of the conv(Hqto. R^er to Mltg 
diagram 1 for a detailed illustration of this sequence, and 
that for retrieving the remaining conversion byte. The host 
can issue a stop condition after retrieving the conversion 
data and place the SMD1 1(^03 in a low power ^ndby 
mode. 

Successive Single Channel Conversions 

If the host does not issue a stop command after receiving 
the last bit of the previous conversion, but instead issues 
an ACK and continues clocking, then the SIV1D11 02/03 
will begin another acquisition and conversion process on 
the same diannel. 



SDA \ / 1 \ o / ~i~ \c;E/cHl](cHQy R/M \ OOP /cHl]fcHo)[ D9 K D8 \ /pTYpiyDS^ D4 )("d3]( D2 fpT^ DO )| / 




A S 
C T 
K O 
P 



Timing Diagram 1. Single Channel Read Sequence 



CanvecBion#1 



S V J ^ y ' ^ . ^ y ' A ^^^—-1 TT 

T Y Channel C Channel C C Channel 

* Fixed Devica Type Address K Address K 



Echo 



Address 



Timing Diagram 2. Single Channel Continuous Read Sequence 
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Auto-Increment 

In the auto-increment mode, the DAS starts a conversion 
and then automatically advances to the next channel. The 
auto-increment mode always starts at channel and 
switches the channel input in the sequence 0, 1 , 2, 0, 1 , 
2, etc. (SMD1 1 03) after each successive conversion. The 
SMD1 102 and SMD1 1 03 Independently repeat this pro- 
cess so long as; the host continues clocking the device 
and supplies ACK bits at the appropriate clock interval, 
and issues no stop conditions. Refer to Timing Diagram 3 
for a detailed illustration of the sequence. 

Auto-Monitor 

Auto-monitor operation takes full advantage of the unique 
capabilities of the SMD1 1 02/03. Each device can autono- 
mously monitor the analog channels, compare the con- 
version data to stored nonvolatile register data and if 
nece^ry alsFt th9 ho^t tn out-of-limit conditions. 



SMD1102/SMD1103 

Preliminary 



SMBalert 

The SMD1 1 02 and SMD1 1 03 are considered 'slave only' 
devices; that is, they do not generate cloclts on the SCL 
pin or take control of bus activity. However, the SMBus 

specification, an extension of the I^C specification, does 
allow slave devices the ability to generate interrupts to get 
the attention of the host. The DAS signals the host by 
pulling SMBalert low. The host then responds to the 
interrupt and simultaneously accesses all devices on the 
bus by issuing the Alert Response Address (ABA). The 
ARA is a general call to all devices, but only an SMBus 
compatible device will recognize the call, and only the 
device that generated the interrupt will respond to the call. 
After recognizing the ARA the DAS responds by taking 
SDA low (generating an ACK back to the host). The host 
will now continue clocking SCL and the DAS will output its 
Device Address. If more than one SMBus compliant 
device is in an alert condition, standard 1^0 bus arbitration 
allows the device with the lowe st address to be serviced 
first. The DAS will release the SMBALERT signal when it 
has been directly addressed. 



Corwaision#1 
ChanneIN 



Conversion #2 
Channel N+1 



Q Q CHI / CHO ^ DsTf Dfl \ [d7\ D6 t 

C C Channel C 

K K AddlBK K 



T Y Channel 

A FtaadDmMTipe Addrasa 
5 WsnBler =11 



Channel 



Timing Diagram 3. Auto-Increment Continuous Read Sequence 



(SMBCLK)^\/vm/\A/v\AA/m/\A/m/vmAAA/m/mAA/\ 
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Timing Diagram 4. Auto-IUonltor Setup Sequence 
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Preliminary 



SCL(SMBCLK) J\f\f\f\f\f\f\f\I\n 

SDA (SMBDATA) ~\ /~r \ o o / T \ o ^HilicHo\ o r 

s ^ ) y. y ; A s 

T Y Channel C T 

A Fixed Device Type Address K 2 
R Wattifler 



IMna itesram S. Auto-Monttor Start S«queiiei|! 



Programming AutaMtlenitiir 

Setting-up the SMD11 02/03 for the auto-monitorfunction 
is straightforward. In the first byte to SDA, the host issues 
a start condition bit, followed by the device identifier, the 
conversion bit set to one, the channel select bits set to the 
desired state, and the R/M bit set to zero. The 1 102/03 
responds with an ACK, and the host sends the second 
byte. The first four bits must be zero, the fifth bit is limit 
select (0 = lower limit, 1 = upper limit), and this is followed 
by the monitor option bit, described below. The final two 
Mts are the high-order comparison bits that will be stored 
to a rtonvolatile register. The UOZ/m responds with 
anctttier AC^K and Ihe host docl« In the final eight bits of 
fie GoinfMtrtson data with the 1102/03 responding with a 
final ACK. Refer to Timing Diagrams 4 and 5 for detailed 
sequence information. The host will issue a stop condition 
and the SMD1 1 02/03 will store the data in the nonvolatile 
registers (a 10ms maximum operation). After defining 
both limits the host can issue a start monitor command for 
that particular channel. Alternatively, to monitor all 3 
channels in an auto-increment mode, the limits for the 2"'' 
and 3"* channel must be programmed. Note that the host 
must program the upper and lower limits for each diannel 
uaed. Ther^re sbc operafions are needed to &si all 
etiannels on the SMD1 103, and four operations on the 
^D1t02. 

Alert Conditions 

For each channel the host can select one of four condi- 
tions tMtt yM gensTEte an aiert. TTiese eorMR^ns art 
d^stmined by the option bite wih the u|^er ml 
lower limits in the NV registers. Chart 1 detafls ttiese 
conditions. If an out-of-limit condition is detected, the 
SMD1 1 02/03 will temporarily remove itself from the auto- 
increment mode, (if that was selected) and monitor the 



channel that caused the alert. There must be five succes- 
sive conversions resulting in an out-of-lim it condition 
before the SMD1 1 02/03 will pull SMBalert low. If at any 
time during the verify routine, the out-of-limit condition is 
negated, the SMD1 102/03 will re-enter i ts normal m onitor 
routine and not assert SMBalert. If the SMBalert signal 
has been pulled low, the SMD1 1 02/03 will halt its monitor- 
ing function and await Instructions from the host. 

Alert Response 

After the S MD1 102/03 has issued an alert by pulling 
SMBalert low, the alert can only be reset by addressing 
the SMD1 102/03. Once the SMD1102/03 has a valid 
addressing sequence, the alert condition will be reset 
during the ACK. If there is m ore than one I^C device that 
may control the SMBalert signal, the host can identt^ 
the proper device. The SMD1 102/(^win respond «#i an 
ACKjind wiU ttffin output its Device Addre^ in r&s^fmo 
to ctooks from ttie host. The host will respond with an ACK 
and stop condition. Refer to Timing Diagram 6 for a 
detailed illustration of the sequence of events. 

|2C BUS GENERAL DESCRIPTION 

General Description 

The I^C bus is a bi-directional, two-line, serial communi- 
cations Interface between Integrated circuits. The tm 
communication lines are the serial data line, SDA, andttie 
serial do^ line, SCL. The SDA line must be conne^edts 
a jsosSttve supply by a pull-up resistor located somewhere 
on the bus. Data transfer between devices may be initi- 
ated with a START condition only when SCL and SDA are 
HIGH (bus is not busy). The SMD1 102/03 communicate 
with the host |iP using the 1^0 data transmission protocol. 
The protocol defines any device that sends data onto the 
bus as a "transmitter" and any device that receives data 
as a "receiver". The device controlling data transmission 
is called the "master" and the controlled device is called 
the "slave". 
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REGION 
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SMBalert 



SDA(SMBDATA) \ / l r\o o f nH^ /~r \ / ~r \ /cHl](cHo/ \__/~ 
- "v- C T 



JL- Alert Response Device 



CHO and CHI bits in the device address specify wtnich channel is "out of limif . 



Timing Diagram 6. SMBalert Response Sequence 
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Input Data Protocol 

One data bit is transferred during eacli clocl< pulse. The 
data on the SDA line must remain stable during clock 
HIGH time, because changes on the data line while SCL 
is HIGH will be interpreted as start or stop condition, refer 
to Figure 1. 

START and STOP Conditions 

When both the data and clock lines are HIGH, the bus is 
said to be "not busy". A HIGH-to-LOW transition on the 
data line, while the clock is HIGH, is defined as the 
"START" condition. A LOW-to-HIGH transition on the 
data line, while the clock Is HIGH, is defined as the "STOP" 
condition (See Figure 3). 

Acknowledge (ACK) 

Acknowledge is a software convention used to indicate 
successful data transfers. The transmitting device, either 
the master or the slave, will release the bus after transmit- 
ting eight bits. During the ninth clock cycle, the receiver 
will pull the SDA line LOW to AGKnowledge that it re- 



SMD1102/SMD1103 

Prenttiinary 

ceived the eight bits of data (See Figure 4). The 
SMD1 102/03 will respond with an ACK bit after recogni- 
tion of a START condition and its slave address byte. If 
both the device and a write operation are selected, the 
SMD1 1 02/03 will respond with an ACK after the receipt of 
each subsequent 8-bit word or byte. In the READ mode, 
the SMD1 102/03 transmits eight bits of data, then re- 
leases the SDA line, and monitors the line for an ACK 
signal. If an ACK is detected, and no STOP condition is 
generated by the master, the SMD1 1^A)3 will oonttnue 
to transmit data. If an ACK is not detec^mt, the 1 102ii@«W 
terminate further data transmissions and awaHs a STOP 
condition before returning to the standby power mode. 

Device Addressing 

Following a start condition the master must ou^aut the 
address of the slave it is accessing. The most stgnifieant 

four bits of the slave address are the device type identiflisr 
(see Figure 1). For the S1VID1102 and SMD1103 this is 
fixed as 1 001 (binary). The following bits provide conver- 
sion infommrtion, channel address and operating mode. 
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Figure 3: Start and Stop Conditions 
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Figure 4: Acknowledge Response From Receiver 
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iMSUMMIT 

L I MICROELECTRONICS, Inc. S9318 

Nonvolatile DA6IP@(lr™ Electronic PotentlomeffelM' 
With Up/Down Counter Interface 



FEATURES 

• Digitally Controlled Re^ronte Pi^KMemM^ 

• 8-Blt Digital-to-Analog Converter (DAC) 

- Independent Reference Inputs 

- Differential Non-Linearity - +0.5LSB 

- Integral Non-Linearity -+1LSB 

• VooT Value In^raoM for IK9««ei«ai«^i^^ 

- Equivalent to 256-Step Potentiometer 

• Unity Gain Op Amp Drives ±1 OOfiA 

• Simple THmifiing AtqusMient 

- Up/Down Counter Style Operation 

• Low Noise Operation 

• "Clleldess" Transitions berMween MC Steps 

• No IVIechanical Wearout Problem 

- 1,000,000 Stores (typical) 

- 1 00 Year Data Retention 

• Operation from +2.7V to +5.5V Supply 

• Ultra-Lpvy Power, O.SmW max at +5V 



OVERVIEW 

The 89318 DACPOT™ trimmer is an 8-bit nonvolatile 
DAC designed to replace mechanical potentiometers. 
The 89318 Includes a unity-gain amplifier to buffer the 
DAC output and enables Vout to swing from rail to rail. 
The DACPOT trimmer operates over a supply v^i^fpi 
range of 2.7V to 5.5V. 

The S9318's simple up/down counter input provides an 
Ideal Interface for automatic test equipment to dither and 
monitor the Vout voltage. This interface allows for quick 
and consist&mmMiiSi^V^m^ 
systems. 

The S9318 is a pin-compatible performance upgrade for 
other industry nonvolatile potentiometers. The S9318 
offers double the resolution of these devices and provides 
'diddess' transitions of Vout. 
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PIN NAMES 


Symbol 


Descffptton 




Increment Input, High to Low 
Edae Triaaer 


UP/DN" 


Up/Down Input controlling relative 
VouT movement 


Vh 


V+ reference input 


GND 


Analog and Digital Ground 


VoUT 


Trimmed Voltage Output 


Vl 


V- reference input 


eg- 


Active low ctiip select Input 


Vdd 


Supply Voltage (2.7V to 5.5V) 



S9318 



PINOUT 







8 1 Vdd 






h 


7 1 CS 


1 3 




1 * 


5 1 VouT 







Analog Section 

The 8931 8 is an 8-bit, voltage output digital-to-analog 
converter (DAC). The DAC consists of a resistor network 
that converts an 8-bit value into equivalent analog output 
voltages in proportion to the applied reference voltage. 

Reference Inputs 

The voltage differential between the Vl and Vh inputs 
sets the full-scale output voltage range. Vl must be equal 
to or greater than ground (i.e. a positive voltage). Vh must 
be greater than Vl and less than or equal to Vqd. See 
table on page 3 for ^mtaMmS^'W^mXS^WISt, 

Output Buffer Amplifier 

The voltage output Is a precisio«t M^aln follower that 
can slew up to 1 V/^ist. ' 

Digital Interface 

The interface is designed to emulate a simple up/down 
counter, but Instead of a parallel count output, a 
ratiometric voltage output Is provided. 



Chip Select (C5) is an active low input. Whenever CS'is 
high the S9318 is in standby mode and consumes the 
least power. This mode is equivalent to a potentiometer 
that is adjusted to the required setting. When CS"is low the 
S931 8 will recognize transitions on the INC input and will 
move the Vqut either toward the Vh reference or toward 
the Vl reference depending upon the state of the UP/DN 
input. 

The host may exit an adjustment routine in two ways: 
deselecting the S931 8 while INC is low will not perform a 
store operation (a subsequent power cycle will recall the 
original data); deselecting the S931 8 while WCte high will 
store the current Vqut setting into nonvoBrtite memory. 

Increment (INC) is an edge triggered input. Whenever 
C?ls low and a high to low transition occurs on the INC 
input, the Vqut voltage will either move toward Vh or Vl 
depending upon the state of the UP/DN input. 

UP/Down (UP/DN) is an input that will determine the Vqut 
movement relative to Vh and Vl. When CS'is low, UP/DN" 
is high and there is a high to low transition on INC, the 
VouT voltage will move (1/256"^ x Vh-Vl) toward Vh. 
When CS an d UP /DN are low, and there is a high to low 
transition on IMC, the Vqut will move (1/256'' x Vh-Vu) 
toward Vl. 
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ABSOLUTE MAXIMUM RATINGS* 




Temperature Under Bias 


-55°C to +125°C 


Storage Temperature 


-65°CtO+150°C 


Voltage on pins with reference to GND: 


Analog Inputs 


-0.5V to VDD+.5V 


Digital Inputs 


-0.5V to VDD+.5V 


Analog Outputs 


-0.5V to Vdd+.SV 


Digital Outputs 


-0.5V to VDD+.5V 


Lead Solder Temperature (10 sees) 





S9318 



•COMMENT 

Stresses above those listed under Absolute Maxi- 
mum Ratings may cause pemnanent damage to 
the device. These are stress ratings only, and 
functional operation of the device at these or any 
other conditions outside those listed In the opera- 
tion sections of this specification is not implied. 
Exposure to any absolute maximum i^Qi^ Jar 
extended periods m^ affect device peMMtle 
and r^iabill^. 



RECOMMENDED OPERATING CONDmSMIi 



Condition 


Min 


Max 


Temperature 


-40°C 


+85''G 


Vdd 




+5.5V 



2atspaMTi.i 

DAC DC ELECTRICAL CHARACTERISTICS 

Vdd = +2.7V to +5.5V, V,m » VpD, V,m. = OV, Ta » <iirQ toi^^C, unless specified otti«wlse 





Symbol 


Parameter 


Conditions 


lUin. 


Typ. 


IVIax. 


Units 


Accuracy 


INL 


Integral Non-Linearity 


Iload = 50nA, Tr = C 
Tr = I 


- 
- 


0.6 
0.6 


±1 
±1 


LSB 
LSB 








IiOM) = 100mA, Tr=C 
Tr = I 




1.2 
1.2 




LSB 
LSB 




DNL 


Differential Non-Linearity 


Iload = SOjiA, Tr = C 

Tr = I 




0.25 

0.25 


±0.5 

+0.5 


LSB 

LSB 








Iload = tOOpA, Tr = C 
Tn = l 




0.5 
0.5 




LSB 
LSB 


References 


Vh 


VrefH Input Voltage 




2.5 




Vdd 


V 




Vl 


VrefL Input Voltage 




Gnd 




Vdd-2.5 


V 




RiN 


VrefH to VrefL Resistance 






38K 




a 




TCRiN 


Temperature Coefficient 

of RiN 


VrofH to VrefL 




700 




ppm/°C 


Analog 


Gefs 


Full-Scale Gain Error 


DATA = FF 






±1 


LSB 


Output 


VoutZS 


Zero-Scale Output Voltage 


DATA = 00 







20 


mV 




TCVouT 


VouT Temperature 

Coefficient 


Vdds-i4, lUMpttS^A, 
V,rtH = -t«V,V«(L = OV 






200 


^v/°c 




II 


Amplifier Output Load Current 








100 


ma 




Rout 


Amplifier Output Resistance 


Il=100ijA +5V 
+3V 




10 
20 




Q 

Q 




PSRR 


Power Supply Rejection 


Iload = 10)jA 






1 


LSB/V 




eu 


Amplifier Output Noise 


f = 1 KHz, Vdd = +5V 




90 




nV/^/TTz 




THD 


Total Harmonic Distortion 


ViN = 1Vmns,f = 1KHz 




0.08 




% 




BW 


Bandwidth - 3dB 


ViN = 100mVrms 




1,000 




kHz 



^MMM*" 
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RELIABILITY CHARACTERISTICS 



Symbol 


Parameter 


Min 


Max 


Unit 


Test Method 


VZAP 


ESD Susceptibility 


2000 




V 


MS-883, TM 3015 


'lth 


Latch-Up 


100 




mA 


JEDEC Standard 17 


Tdr 




100 




Years 


ivis-a^liitm 


Nemo 


Bfigsance 


1,000,000 




Stores 


MS-883, TM 1033 



2016 PGM T2.0 



DC ELECTRICAL CHARACTERISTICS VpD = +2.7V to +5.5V, Vh = VPD, Vl = OV, Unless otherwise specified 



Symbol 


Parameter 


Conditions 


Min 


Max 


Units 


lOD 


Supply Current 

during sto; v, , ,e.= ' 


CS = ViL 




1.0 


mA 


ISB 


Supply Standby Gun«nt 


CS = ViH 




100 


HA 


llH 


Input Leai<age Current 


ViN = Vdd 




10 


HA 


liu. 


Input Leakage Current, note 2 


ViN = OV 




-25 


iiA 


VlH 


Higli Level Input Voltage 




2 


Vdd 


V 


ViL 


Low Level Input Voltage 







0.8 


V 



2018 PGM T4.2 

Notes: 

1 . Idd is the supply 0tMIM4jM«M*ilMiitftlEPF)OM is being updated. !□□ does not include the cun«nt that flows through the Reference 

resistor ctiain. 

2. CS! UP/Dn and iNUliave internal pull-up resistors of approxiniately200ka. When the input is pulled to ground the resulting output 
current will tie Vpo/SOOkQ. 
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OPERATIONAL TRUTH TABLE 







UP/DFT 


Operation 


HItoLO 


L 


H 


Vourtovrard Vh 


HItoLO 


L 


L 


VouT toward Vl 


H 


LOroHl 


X 




L 


LOtoHI 


X 


Maintain Setting, NO Store 


Vdd 


Vdd 


Vdd 


Standby 



2016 PGM T5.1 



AC TIMING CHARACTcRlSTiCS 



Symbol 


Paremeier 


Mti 




Units 


tCLIL 


CS" to TNiC Setup 


100 




ns 


tlHDC 


INC High to UP/DN"Change 


100 




ns 


focii. 


UP/DN" to TNC" Setup 


100 




ns 




INC Lov» Peiioa 


200 




ns 


tlH 


TFJC High Period 


200 




ns 


tlHCH 


INC Inactive to US' Inactive 


100 




ns 


tWP 


Write Cycle Time 




5 


ms 


tiLVOUT 


INC to VouT D^ay 




5 


\xs 



2016 PCM T6.1 



CS 



INC 



tCLIL 



»L 



tlHDC 



UP/DN 



VoUT 



tlH 



J 



h.— tlHCH- 



TlHDHLD 



— tILVOUT 



tWP 

•r 

-r 



AC TIMING DIAGRAM 
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I^SUMMIT 

L I MICROELECTRONICS, Inc. SMP9317 

Nonvolatile DACPOT^"* Electronic Potentiometer Preliminary 
With UpAHnvn Counter Interface 



FEATURES 

• Digitally Controlled Electronic Potentiometer 

• 7-BttDtgltaN»AiMlBgCelivsrtaypA 

- lB*iiWKl wtf mter enee Itipute 

- DlfteretiftelN«m-Llnearity-±0.5LSB 

- Integral Non-Linearity - +1LSB 

• VouT Value In EEPROM for Power-On Recall 

- Equivalent to 128-Step PotentiomAier 
■ Unity Gain Op Amp Drives +100^ 

• Simple Trimming Adjustment 

- Up/Down Counter Style Oper^on 

• Low Noise Operation 

• "Clickless" Transitions between DAC Steps 

• No MecfMWiical Wnfsiit Probtem 

- 1,0iMMIOO Stores (typical) 
• IQOVMieataRstention 

• OpsnrtteNlfrMn-iSbTV to +5.5V Supply 

• UiM-Low PoMer, OJimW max at +5V 



OVERVIEW 

Tfie SMP9317 DACPOT™ trimmer is a 7-bit nonvolatile 
DAC designed to replace mechanical potentiometers. 
The SMP931 7 includes a unity-gain ani|>ljRerto btiftertfie 
DAC output and enables Vout to swing from rail to rail. 
The DACPOT trimmer operates over a supply voltage 
range of 2.7V to 5.5V. 

The §MP9317's simple up/down counter input provides 
m ieteal interface for automatic t^ «qii#rrient td) HKiiM' 
and monitor the Vout voltage. This inte^ace aHip 
quick and consistent calibration of even the most Se^lt^ 

ticated systems. 

The SMP931 7 is a pin-compatible performance upgiMie 
for other ifliiitBiry nonvolatile p^nflorrveter^. T^ 
SMP^17eMsM|^!)erji^iMeivttian these devicesafiil 
provides 'cMieas^ tiso^tons of Vour. 




osuMMrrMiCR0B£eiRdNie8,in& lan 

2031-02 V3V98 
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PIN NAMES 



Symbol 


Description 


MT 


Increment Input, High to Low 
Edge Trigger 


UP/DNT 


Up/Down Input controlling relative 
VouT movement 


Vh 


V+ reference input 


GND 


Analog and Digital Ground 


VouT 


Trimmed Voltage Output 


Vl 


V- reference input 




Active low chip select input 


Vdd 


Supply Voltage (2.7V to 5.5V) 



SMP9317 

Preliminary 

PINOUT " ' ' 









INC 1 1 


8 1 Vdd 






UP/PN 1 2 


7 1 CS 






Vh I 3 


6 1 Vl 






GND 1 4 


5 1 VoUT 







2031 



Analog Section 

The SMP9317 is a 7-bit, voltage output digital-to-analog 
converter (DAC). Tiie DAC consists of a resistor networl< 
that converts a 7-bit value into equivalent analog output 
voltages in proportion to the applied reference voltage. 

Reference Inputs 

The voltage differential between the Vl and Vh inputs 
sets the full-scale output voltage range. Vl must be equal 
to or greater than ground (i.e. a positive voltage). Vh must 
be greater than Vl and less than or equal to Vdd. See 
table on page 3 for guaranteed operating iimits. 

Output Buffer Amplifier 

The voltage output is from a precision unity-gain follower 
that can slew up to 1 V/|is. 

Digital Interface 

The interface is designed to emulate a simple up/down 
counter, but instead of a parallel count output, a 
ratiometric voltage output is provided. 



Chip Select (CS) is an active low input. Whenever CS'is 
high the SMP931 7 is in standby mode and consumes the 
least power. This mode is equivalent to a potentiometer 
that is adjusted to the required setting. When CS^is low the 
SMP9317 will recognize transitions on the INC input and 
will move the Vqut either toward the Vh reference or 
toward the Vl reference depending upon the state of the 
UP/DFT input. 

The host may exit an adjustment routine in two ways: 
deselecting the SMP931 7 while INC is low will not perform 
a store operation (a subsequent power cycle will recall the 
original data); deselecting the SMP931 7 while INC is high 
will store the current Vout setting into nonvolatile 
memory. 

Increment (INC) is an edge triggered input. Whenever 
CS'is low and a high to low transition occurs on the INC 
input, the Vout voltage will either move toward Vh or Vl 
depending upon the state of the UP/DR" input. 

UP/Down (UP/OR) is an input that will determine the Vout 
movement relative to Vh and Vl. When CS'is low, UP/DNT 
is high and there is a high to low transition on INC, the 
Vout voltage will move (1/128"^ x Vh-Vl) toward Vh. 
When CS'and UP/DN are low, and there is a high to low 
transition on INC, the Vqut will move (1/128* x Vh-Vl) 
toward Vl. 



ABSOLUTE MAXIMUM STINGS* 




Temperature Under Bias _ _ 


-SS'C to +125°C 


Storage Temperature 


-esocto+iso'C 


Vottagt on pins with reference to GND: 


Analog Inputs 


-0.5V to Vdd+.SV 


Digital Inputs 


-0.5V to Vdd+.SV 


Analog Outputs 


-0.5V to Vdd-i-.SV 


Digital Outputs 


-0.5V to Vdd+.SV 


Lead Sol^ temperature (10 sees) 


300°G 



■ SMP9317 

PreBtninafy 

*COMMENT .■: ' 

Stresses above those listed under Absolute Maxi- 
mum Ratings may cause permanent damage to 
the device. Th^e are ^ress, roUngs ori^^.srtf 
functional operation of the at tielb^iRp 
other conditions outside ^bm^ ^sSadt In tht i^ta- 
tion sections of ttiis spedKaSon is not Q^iMk 
Exposure to mi muSmm ratt^ lsr 

extendedipiMi^lilf^«MiM€l«^iceperfoi1tn^^ 
and rellatlilify. 



RECOMMEHDED OPERATING CONDITIONS 



Condition 


MIn 


Max 


Temperature 


-40°C 


+85°C 


Vdd 


4^,7? 


H'S.SV 



2031 pmm» 

DAC DC ELECmrCAL CHARACf ERiSflCS 

Vdd = +2.7V to +5.5V, = Vdd, Vrefl. = OV, Ta = -40°C to *ii''C*MWtess spedflied otherwise 





Symbol 


Parameter 


Conditions 


Min. 


Typ. 


Max. 


Units 


Accuracy 


INL 


Integral Non-Llnearlty 


Iload = 50|jA, Tr = C 
Tr = I 


- 


0.6 
0.6 


±1 
±1 


LSB 
LSB 








kjQt^atOOpA, Tr=C 
Tr = I 




1.2 
1.2 




LSB 
LSB 




DNL 


Differential Non-Llnearlty 


Iload = 50(iA, Tr = C 

Tr = I 




0.25 
0.25 


+0.5 
±0.5 


LSB 
LSB 








Iload = 100nA, Tr = C 
Tr=I 




0.5 
0.5 




LSB 
LSB 


References 


Vh 


VrefH Input Voltage 




2.5 




Vdd 


V 




Vl 


VrefL Input Voltage 




Gnd 




Vdd-2.5 


V 




RiN 


VrefH to VrefL Resistance 






38K 




a 




TCRiN 


Temperature Coefficient 

of RiN 


VrefH to VrefL 




700 




ppnV°C 


Analog 


Gefs 


Full-Scale Gain Error 


DATA = FF 






±1 


LSB 


Output 


VoutZS 


Zero-Scale Ou^tut Voltage 


DATA = 00 







20 


mV 




TCVouT 


VouT Temperature 
Coefficient 


Vdd = +5, Iload = 50|jA, 
VrefH = +5V, VrefL = 0V 






200 


nv/°c 




II 


Amplifier Output Load Current 








100 


(lA 




Rout 


Amplifier Output Resistance 


Il=100mA +5V 
+3V 




10 

20 




a 

n 




PSRR 


Power Supply Rejection 


Iload = lOpA 






1 


LSB/V 




ew 


Amplifier Output Noise 


f=1KHz.\foD = +5V 




90 




nV/ VHz 




THD 


Total Harmonic Distortion 


ViN = 1Vrms,f = 1KHz 




0.08 




% 




BW 


Bandwidth - 3dB 


ViN = lOOmV rms 




1,000 




ItHz 



2031 PaMT3.1 
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RELIABILITY CHARACTERISTIGS 



Symbol 


Parameter 


MIn 


Max 


Unit 


Test Method 


VZAP 


ESD Susceptibility 


2000 




V 


MS-883,TM3015 


'lth 


Latdi-Up 


100 




mA 


JEDEC Standard 17 


Tdr 


Data Relenfion 


100 




Years 


MS-883,TM 1008 


Nend 


EnshMMSS 


1,000,000 




Stores 


MS'«e3, TM 1033 



203t PQMT2.0 



DC ELECrmCAL C»IARACTERISTICS 

Vdd = +2.7V to +5.5Vj Vh = Vdd, Vl = ov, Ta = -40°C to +85°C, Unless otherwise specified 



Symbol 


Parameter 


Conditions 


MIn 


Max 


Units 


Idd 


Supply Current 
during store, note 1 


CS = ViL 




1.0 


mA 


ISB 


Supply Standby Current 


CS = VlH 




100 


HA 


llH 


Input Leakage Current 


ViN = Vdd 




10 




IlL 


Input Leakage Current, note 2 


ViN = ov 




-25 


mA 


VlH 


High Level Input Voltage 




2 


Vdd 


V 


ViL 


Low Level Input Voltage 







0.8 


V 



a9anpaHT4.o 

Notes: 

1 . Ido is the supply current drawn wtille the EEPROM is being updated. Idd does not indude the current thatflows through the Rg/fmeme 
resistor chain. 

2. CS; UP/DR' and iNChave internal puH-up resistors of approxiindely 200kQ. When the input is pulled to ground tie resul^#i^lit 
cunent will be Vdd/200I(£1. 
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OPERATIONAL TRUTH TABLE 
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C5" 


UP/DFT 


Operation 


HItoLO 


L 


H 


VouT toward Vh 


Hlrd-O 


L 


.L 


VouT toward Vl 


H 


LOtoHI 


X 


Store Setting 


L 


LOroHl 


X 


Maintain SetUtig, NO Stoie 


Vdd 


Vdd 


Vdd 





AC TIIMING CHARACTERISTICS 
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Symbol 


Parameter 




mm 


Units 


tCUL 


CS'toMTS^ 


too 




ns 


tlHDC 


IN^High to UP/DFT Change 


100 




ns 


toCIL 


UP/DN to INC Setup 


100 




ns 


tiL 


INC Low Period 


200 




ns 


tlH 


n^hNgh Period 


200 




ns 


tlHCH 


INC Inactive to US' Inactive 


100 




ns 


twp 


Write Cycle Time 




5 


ms 


tlLVOUT 


iNCtoVouT Delay 




5 


US 



2031 PQMTS.0 



CS 



INC 



tCUL 



UP/DN 



VoUT 



tIL 



HHDC 



-tILVOUT 



AH 



7 



K— tlHCH- 



tlHDHLO 



tWP 



AC TIMING DIAGRAM 
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I^SUMMIT 

L I MICROELECTRONICS, Inc. 



Nonvolatile DACPOTT" Electronic Potentiom^r 
With Debounced Push Button Interface 



smtB 

Preliminary 



I^TUflES 

Digitally Controlled Electronle PetiMlttdmeter 

• 8-Bit Digital-to-Analog Converter (DAC) 

- Independent Reference Inputs 

- DNferentlal Non-Uneartty - -^0,51-88 

- Integral Ncim4.lm»My' ±1tJfB 

• VouT Value in EEPROM for Power-On Recall 

- Equivalent to 256-Step Potentiometer 

• Unity Gain Op Amp Drives ±1 OOfxA 

• Simple Trimming Adjustment 

- Debounced Push Button Interface 

• Low Noise Operation 

• "Clickless" Transitions between DAC Steps 

• No Mechanical Wearout Problem 

- 1,000,000 Stores (typical) 

- 100 Year Data Retention 

• Operation from +2.7V to +5.5V Supply 

• Ultra-Low Power, O.SmW max at +5V 



OViRVIEW 

The S951 8 DACPOT trimmer is an 8-bit nonvolatile DAC 
designed to replace mechanical potentiometers. The 
8951 8 includes a unity-gain amplifier to buffer the DAC 
output and enables Vout to swing from rail to rail. The 
DACPOT trimmer operateslAMiKgiip^voltage range of 
2.7V to 5.5V. 

The S9518's simple push button input provides an ideal 
interface for operator adjusted equipment. This interface 
allows for quick and easy adjustment of even the most 
sophisticated systems. 

The S9518 is a pin-compatible performance upgrade for 
other industry nonvolatile potentiometers. The S9518 
offers double the resolution of these de>dces and prowdes 
'clickless' transitions of Vout- 



FIINCnCIMAL BLOCK DIAGRAIU 



Vdd 



vh 



o 
cc 



^ A- 



Debounce Circuit 
& Write Control 
Logic 



°^ A- 



UP DWN STR 



-A 



a-bit DAC 




Vout 



Vl 



GND 
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Charactenstics subject to change without notica 




PIN NAMES 



Symbol 


Description 


OF 


PB Input, Moves VouT Toward 
Vh Input 


DWN 


PB Input, Moves Vout Toward 
Vl Input 


Vh 


Vref High 


GND 


Ground 


VOUT 


Trimmed Voltage Output 


Vl 


Vref Low 


STR 


Store Input, Providing a Control 
Input to Initiate a Store Operation 


Vdd 


Supply Voltage (2.7V to 5.SV) 



aOITPSMTLO 



Analog Section 

The S9518 Is an 8-bit, voltage output digital-to-analog 
converter (DAC). The DAC consists of a resistor networl< 
that converts 8-bit digital values into equivalent analog 
output voltages In iMipition to the apt^ied r^rence 
voltage. 

Reference Inputs 

The voltage differential between the Vl and Vh inputs 
sets the full-scale output voltage range. Vl must be equal 
to or greater than ground (a positive voltage). Vh must be 
greater than Vl and less than or equal to Vop. See 
specifications on page 5 for guaranteed operating limits. 

Output Buffer Amplifier 

The voltage output is from a precision unity-gain follower 
that can slew up to 1 V/jts. 

Digital interface 

The Interface provides simple push button control of an 
up^down counter that drives the DAC. The DAC output is 
a ratlometric voltage output. 

UP is an active low push-button Input. An Internal pull-up 
resistor, with nominal value of 50l<ohm, eliminates an 
external resistor that would be required with push button 
control. A 30ms debounce period Is Included In the Input 
timing to prevent multiple pulsing of the counter. Either a 
switch closure to ground or a LOW logic level will, after the 
debounce time, change the potentiometer tap position. 
UP moves the output voltage towards the Vh reference 
input. If the DP" push-button is kept depressed, the 
counter will continue to increment at the rate of one count 
every 250ms for one second. After one second the 



S9518 

Preliminary 

PINOUT 



UP H 1 8 D Vdd 

DWN [[2 7 ^STR 

VHC 3 6 HVL 

SNDC * 5 HVoUT 

2017IU.1.1 



counter increments faster, one count every 50ms, until 
the push-button is released. Changes to the DAC output 
using the DF input do not alter the data stored in 
EEPROM. The STR input updates the nonvolatile 
EEPROM memory. 

DWN Is an active low push-button Input that decrements 
the counter and moves the potentiom eter o utput voltage 
towards the Vl reference input. The DWN control input 
also includes an internal 50l<ohm pull-up resistor and a 

30ms debounce period to prevent multiple pulsing. A 
LOW logic level will also change the potentiometer tap 
position after the debounce period. If the DWN push- 
button Is kept depressed, the counter continues to decre- 
ment at the rate of one count every 250ms for one second. 
After one second the counter decrements at one count 
every 50ms until the push-button is released. Changes to 
the DAC output using the DWN input do not alter the data 
stored In EEPROM. 

STR This Input can be used In two ways: 

1) If the Input Is tied LOW, then AUTOSTORE Is en- 
abled. When Vdd powers-down an automatic store 
cycle takes place that updates the nonvolatile 
EEPROM memory. 

2) STR is an active low push-button input that also 
updates the nonvolatile memory. The Input is 
debounced but does not have an internal pull-up 

resistor. For every valid push, the S951 8 will store the 
current potentiometer position to EEPROM. 



2017.03 4/17/S8 
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There are five main blocks to the S9518: an 8-bit 
EEPROM memory; input debounce circuits, control logic, 
and 8-bit counter; 8-bit data register; decode section and 
resistor ladder (DAC); and ttie buffer amplifier. The input 
control section operates just like an up/down counter. The 
output of this counter is fed to the data register and then 
decoded to activate one of 255 electronic switches con- 
rtected to the resistor ladder. Each switch connects a point 
on the ladder to the buffer amplifier input. When 
ques^, fhe contents of ttie omim0 <ism be mmid in 
EEPROM memory and r^lied tofutui« USB. IphetoclGler 
is comprised of 256 resistors of equal value connect in 
series. At the bottom of the ladder and at the junctions of 
the resistors there are electronic switches that transfer the 
voltage at each point to the buffer amplifier and hence to 
the output. The S9518 is designed to interface directly to 
two push button switches that effectively move the poten- 
tiometer wiper up or down. The UF and DWN inputs 
increment or decrement the 8-bit counter respectively. 
The data input to the DAC is decoded to select one of the 
256 wiper positions along ttte rei^rll^ ladder. The wijwr 
increment Input, DFand the wiper deofemwrt input, DWN 
are connected to internal pull-ups so ttiat tti^ norn<ii% 
ismain HiQH. When puUed LCM by an mtMmM piMh 
button switch or a logic LOW level input, the wiper will be 
switched to the next adjacent tap position. Internal 
debounce circuitry prevents inadvertent switching of the 
wiper position if UFor DWN remain LOW for less than 
30ms (typical). Each of the buttons can be pushed either 
once for a single increment/decrement or held low con- 
tinuously for a multiple Increments/decrements. The 
number of increments/decrements of the wiper position 

Figure 1 : Typical circuit with STR store ptn used in 
AUTOSTORE mode 
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depends on how long the button is pushed. When maldng 
a continuous push, after the first second, the increment/ 
decrement speed increases. For the first second the 
device will be in the slow scan mode. Then if the button is 
held for longer than one second the device will go into the 
fast scan mode. As soon as the button Is released the 
S9518 will return to a standby condition. The DAC, 
whethersettoOOor FF, acts like its mechanical equivalent 
and does not move beyond the last position. That is, the 
oawim does not wrap around when clocked beyond FF 
or below 00. 

AUTOSTORE 

The value of the counter is stored in EEPROM memory 
whenever the chip senses a power-down of Vdd while 
STR is enabled (held LOW). When power is restored, the 
ccfntenltoiihe memory are recalled and thioetiRlWiiiil 
to the la stval ue stored. If AUTOSTORE. Is t o be tm{a&^ 
mented, STR^is typically hard wired toSND. If STR" is h^ 
HIGH during power-up and then taken LOW, the wiper will 
not respond to the UFor DWN inputs until STR is brought 
Hi@H andttwstefe ie^mnfMB. Figure 1 . 

mm H^M k nMon) store 

When is not enabled (held HIGH) a push button 

Switch may be used to pull STR LOW and released to 
perform a manual store of the wiper position in EEPROM 
memory. Figure 2. 

EffaGjt of Vcp RMRowfri 

The reetttor laMsF, cenrmoMl between Vm and Vt, does 
not change value when Vdd is removed. However, the 
buffer amplifier no longer funcMons and consequently a 
high Impedance appears at the Vour pin. 

Figure 2: Typical circuit with STR store pin 
controlled by push button switch 
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'COMMENT 

Stresses above those listed under Absolute 
Maximum Ratings may cause permanent 
damage to the device. These are stress 
ratings only, and functional operation of the 
device at these or any other conditions out- 
side those listed in the operation sections of 
this specification is not implied. Exposure to 
any absolute maximum rating for extended 
periods may affect device performance and 
reliability. 



RECOMMENDED OPERATING CONDITIONS 



Condition 


Min 


Max 


Temperature 


-40°C 


+85°C 


Vdd 


+2.7V 


+5.5V 



2017 rem ms 



ABSOLUTE MAXIMUM RATINGS* 




Temperature Under Bias 


-55°CtO+125°C 


Storage Temperature 


-65°Cto+150°C 


Voltage on pins with reference to GND; 


Analog Inputs 


-0.5V to Vdd+.SV 


Digital Inputs 


-0.5V to Vdd-h.SV 


Analog Outputs 


-0.5V to Vdd+.SV 


Digital Outputs 


-0.5V to Vdd+.SV 


Lead Sotder Temperature (10 sees) 


30000 
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DAC DC ELECTFHCAL CHARACTERISTICS 

Vdd = +2.7V to +5.5V, VrefH = Vdd, VrefL = OV, Ta = -40°C to +85°C, unless specified otherwise 





Symbol 


Parameter 


Conditions 


Min. 


Typ. 


Max. 


Units 


Accuracy 


INL 


Integral Non-Linearity 


Iloao = 50nA, Tr = 

Tr = I 


_ 
- 


0.6 
0.6 


±1 
±1 


LSB 
LSB 








Iload = 100mA, Tr=C 
Tr = I 


- 


1.2 
1.2 


- 


LSB 
LSB 




DNL 


Differential Non-Linearity 


Iload -5(^, Tr = C 
Tr = 1 


- 


0.25 
0.25 


±0.5 
±0.5 


LSB 
LSB 








li riAn = tOOuA Tn = C 

Tr = I 




0.5 
0.5 




LSB 
LSB 




Vh 


VrefH Input VoltsQO 




2.5 




Vdd 


V 




Vl 


Vnofl Innirt Vnltanp 




Gnd 




Vdd-2.5 


V 




RiN 








38k 




a 




TCRiN 


Temperature Coefficient 

ni Rim 


VrelH to Vi^ 


- 


700 


- 


ppm/°C 








DATA = FF 






+1 


LSB 




Vni itZS 




DATA - 00 







20 


mV 




TCVouT 


ymrTwmpemUm 
Ccwffictent 


Vdb s iUMD « S0^ 






200 


nv/°c 




II 


Amplifier Output Load Current 








100 


HA 




Rout 


Amplifier Output Resistance 


Iload = 100mA +5V 
+3V 




10 
20 




Q 

a 




PSRR 


Power Supply Rejection 


Iload = 10nA 






1 


LSBA/ 




GN 


Amplifier OMint No^ 






90 




nv/VTiz 




THD 


Total Harmonic Distortion 


ViN = 1Vrms,f=1kHz 




0.08 




% 




BW 


Bandwidth - 3dB 


ViN = tOOmV nns 




1,000 




kHz 



2oi7i>eMm» 



REUABILITY CHARACTERISTICS 



^fNbOl 


tarameMtf 




Max 


Unit 




VZAP 


ESD Susceptibility 


2000 




V 


MS<ii3^TM3015 


'lth 


Latch-Up 


100 




mA 


JEDECSieH)dafd17 




Data Retention 


100 




Years 


MS-883, TIVI 1008 


Nend 


Endurance 


1,000,000 




Stores 


MS-883, TM 1033 
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DC ELECTRICAL CHARACTERISTICS VdD = +2.7V to +5.5V, Vh = Vdd, Vl = OV, Unless otherwise specified 



Symbol 


Parameter 


Conditions 


Min 


Max 


Units 


bo 


Supply Current 
during store, note 1 


5m= ~i_r 




1.0 


mA 


ISB 


Supply Standby Current 






100 


ma 


llH 


Input Leakage Current 


ViN = Vdd 




10 


ma 


IlL 


Input Leakage Current, note 2 


ViN = OV 




-100 


ma 


VlH 


High Level Input Voltage 




2 


Vdd 


V 


ViL 


Low Level Input Voltage 







0.8 


V 



Notes: 

1 . Idd is the supply current drawn wlille ttis EEPROM is being updated. Idd does not include the current thatflows through the RiltMiS* 

resistor ctiain. 

2. UP'and OWN have interralpullHjpresistois of approxirnately50kQ.VVhen the input is pullsd to ground ttwrtesu^^ 

will be VoD^SOkQ. 



AC OPERATING CHARACTERiSTK^ (Over recommended operating conditions unless otherwise specified.) 



Symbol 


Parameter 


LImlte 


Units 


Min. 


Typ. 


IVIax. 


fOAP 


Time Between Two Separate Push Button Events 









MS 


toB 


Debounce Time 




30 


60 


ms 


ts SLOW 


After Debounce to Wiper Change on a Slow Mode 


100 


250 


375 


ms 


ts FAST 


Wiper Change on a Fast Mode 


25 


50 


75 


ms 


tpu 


Power-Up to Wiper Stable 






500 


MS 


taVoD 


Vdd Power-Up Rate 


0.2 




50 


mV/|is 


tASTO 


AUTOSTORE Cycle Time 


2 






ms 


tASTH 


AUTOSTORE Threshold Voltage 




4 




V 


USBm (L 


u^,^TOSTORE Cycle End Voltage 




3^5 




V 
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.vdd 



Vasth 



autosrore cycle in proofs 
Vasend 




TIME (mS) 2017 i il^ft 

FIGURE 3. AUTOSTORE CYCLE TIMING DIAGRAM 



Notes: 

Vasth - AUTOSTORE threshold voltage 
Vasend - AUTOSTORE cycle end voltage 
tASTO - AUTOSTORE cycle time 

(6) Typical values are for Ta = 25°C and nominal supply voltage. 

(7) This pammeXV Is periodically sampled and net 1<XI% tasted. 
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FIGURE 4. SLOW MODE TIMING 
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SECTION 9 Voltage Protected Nonvolatile Memories 

S24VP02 Low Vcc Write Protected 2K I^C Memory „ „ 9-3 

S24VP04 Low Vcc Write Protected 4K i^C IVIemory..,. „. 9-15 

S24VP16 Low Vcc Write Protected 16K I^C Memory 9-27 

S93VP662 Low Vcc Write Protected 4K Microwire Memory 

in a x8 Data Configuration 9-39 

S93VP663 Low Vcc Write Protected 4K Microwire Memory 

in a x16 Data Configuration 9-39 

1 
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1^ SUMMIT 

L I MICROELECTRONICS, Inc. 



S24VP02 



2K Serial E^PROM with a Precision Low-Vcc Loclraut Circuit 3 and 5 Volt Systems 



FEATURES 

• Voltage Protection^" 

• Precision Low-Vcc Write Lockout 

• All Write Operations Inhlbltad When Vcc FaHs 

below Vlock 

• One 3Volt and Two SVoit System Versions 

- Vlock = 2.6V+.1V/-.05V 

- Vlock = 4.25V +.25V/-0.0V 

- Vlock = 4.50 +.25V/-0.0V 

• 1 00% Compatible with Industry Standard i^C^" 
Dawiesi 

- standard lOOf^arkd mt^^^fir Mm 

• 16-Byte Page-Write Mode 

- IMinimlzes total write time per byte 

• 100 Year Data RManttan 

• Commerclai Indiratrial TempMratura Range 



The S24VP02 is a 2K-blt serial E^PRCM^ memory inte- 
grated with a precision Vcc sense circuit. The sense 

circuit will disable write operations whenever Vcc falls 
below the Vlock voltage. It is fabricated using SUMH/IIT's 
advanced CMOS E^PROI\/l technology and is suitable for 
both 3 and 5 volt systems. 

The S24VP02 is internally organized as 256 x 8. It fea- 
tures the I^C serial interface and software protocol allow- 
ing operation on a simple two-wire bus. 

PIN DESCRIPTIONS 

isiial Cloelc (SCL) - The SOL input is used to cloeic isift 
Into and out of the device. In the WRITE mode, data must 
remain stable while SCL is hllGhl. In the READ mode, date 
Is docked out on the failing edge of SCL. 



BLOCK DIAGRAM 

vccCl- 



NC [7 



QND |T- 



SCL fi"- 
sda[T« 

NC [T 

NC IT 
NC[7 



SKHz 
OsqUlator 



RESET 
PULSE 
GENERATOR 



1.26V 




vtrip 




RESET 
CONTROL 



MODE 
DECODE 



ADDRESS 
DECODER 



DATA I/O 



WHITE 
CONTROL 



E2pROM 
MEMORY 
AFWW 
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PIN CONF(@UflA110NS 



PbnBc Duai-ln-llne 








AO [7 




HVcc 


A1 d 




7] DC 


A2 [3 




U SCL 


GND [4 




5] SDA 


JEDEC Small Outline 




"S" Package 




AO [7 






HVcc 


A1 H 






7] DC 


A2 H 






6]SCL 


GND ll 






5] SDA 




2007 ILLI ^2 



PIN NAMES 



AO, A1 , A2 


Address Inputs 


■ SDA 


Serial Data I/O 


SCL 


Serial Clock Input 


DC 


Don't Care 


GND 


Ground 


Vcc 


Supply Voltage 



Serial Data (SDA) - The SDA pin is a bidirectional pin 
used to transfer data into and out of the device. Data may 
change only when SCL is LOW, except START and STOP 
conditions. It is an open-drain output and may be wire- 
ORed with tmim @f ie$$K^!l0i, i^gg§^timite(Aor 
outputs. 

Address Inputs (AO, A1, A2) - Device Addre^ Inputs 

These inputs are unused by the S24VP02; however, to 
ensure proper operation they should be left unconnected 
or ttni l^ pMM^ l|Mi!liltpMliMt be tied high. 



ENDURANCE AND DATA RETENTION 

The S24VP02 is designed for applications requiring 
1,000,000 erase/write cycles and unlimited read cycles. 
It provides 1 00 years of secure data retention, with or 
without power applied, after ttie execution of 1^0,000 
erase/write cycles. 

DEVICE OPERATION 

APPLICATIONS 

The S24VP02 was designed specifically for applications 
where the integrity of the stored data is paramount. In 
recent years, as the operating voltage range of serial 
E^PROMs has widened, most semiconductor manufac- 
turers have arbitrarily eliminated their Vcc sense circuits. 
The S24VP02 will protect your data by guaranteeing write 
lockout below the selected Vcc Lockout voltage. 

Vcc Lockout 

The S24VP02 has an on-board precision Vcc sense 
circuit. Whenever Vcc is below Vlock, the S24VP02 will 
disable the internal write circuitry. The Vcc lockout circuit 
will ensure a higher level of data integrity than can be 
expected frotn industry standard devices that have either 
a very loose specification or no Vcc lockout specification. 

During a power-on sequence all writes will be inhibited 
below the Vlock level and will continue to be held in a 
write inhibit state for approximately 200ms after Vcc 
reaches, then stays at or above Vlock. The 200ms delay 
provides a buffer space for the microcontroller to com- 
plete its power-on initialization routines (reading is OK) 
while still protecting against inadvertent writes. 

During a power-down sequence initiation of writes will be 
inhibited whenever Vcc falls below Vlock. This will guard 
against the system's microcontroller performing an inad- 
vertent write within the 'danger zone', (see AN001) 

CHARACTERISTICS OF THE I^C BUS 

General Description 

The 1^0 bus was designed for two-way, two-line serial 
communication between different integrated circuits. The 
two lines are: a serial data line (SDA), and a serial clock 
line (SCL). The SDA line must be connected to a positive 
supply by a pull-up resistor, located somewhere on the 
bus (See Figure 1). Data transfer between devices may , 
be initiated with a START condition only when SCL and 
SDA are HIGH (bus is not busy). 
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RGURE1. TYPICAL SYSTEM CONFIGURATION 



SCL^^ ^ Data must \ Data must \ f, 

■ ; remain s^tbte !^ Change \ remain stable \ \ 

I ; while clock ! of data ! while clocl< \ \ 

I ; is HIGH. ! allowed ! is HIGH. \ !_ 

' ' 1 I II . . ■ . 
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FIGURE 2. INPUT DATA PROTOCOL 
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FIGURES. START AND STOP CONDITIONS 
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FIGURE 4. ACKNOWLEDGE RESPONSE FROM RECEIVER 



Input Data Protocol 

One data bit is transferred during each clock pulse. The 
data on the SDA line must remain stable during clock 
HIGH time, because changes on the data line while SOL 
is HIGH wili ,^Mi^psieGl as start or ^op condition (See 
Figure 2). 

START and STOP Conditions 

When both the data and clock lines are HIGH, the bus is 
said to be not busy. A HIGH-to-LOW transition on the data 
line, while the clock is HIGH, is defined as the "START' 
condition. A LOW-to-HIGH transition on the data line, 
while the clock is HIGIi;^4i»im««<|||i»<%TOP" condi- 
tion (See Figure 3). 

DEVICE OPERATION 

The S24VP02 is a 2,048-bit serial E^PROM. The device 
supports the I^C bidirectional data transmission protocol. 
The protocol defines any device that sends data onto the 
bus as a "transmitter" and any device which receives data 
as a "receiver." The device controlling data transmission 
is called the "master" and the controlled device is called 
the "slave." In all cases, the S24VP02 will be a "slave" 
device, since it never initiates any data transfers. 

Acknowledge (ACK) 

Acknowledge is a software convention used to indicate 
successful data transfers. The transmitting device, either 
the master or the slave, will release the bus after transmit- 
ting eight bits. During the ninth clock cycle, the receiver 
will pull the SDA line LOW to ACKnowledge that it 
received the eight bits of data (See Figure 4). 

The S24VP02 will respond with an ACKnowledge after 
recognition of a START condition and its slave address 
byte. If both the device and a write operation are selected, 
the S24VP02 will respond with an ACKnowledge after the 
receipt of each subsequent 8-bit word. 



In the READ mode, the S24VP02 transmits eight bits of 
data, then releases the SDA line, and monitors the line for 
an ACKnowledge signal, if an ACKnowledge is detected, 
and no STOP condition is generated by the master, the 
S24VP02 will continue to transmit data, if an ACKnowledge 
is not detected, the S24VP02 will tenninate further data 
transmissions and awaits a STOP condition betore return- 
ing to the standby power mode. 

Device Addressing 

Following a start condition the master must output the 
address of the slave it is accessing. The most significant 
four bits of the slave address are the device type identifier 
(see figure 5). For the S24VP02 this is fixed as 1010[B]. 

The next three bits are don't care. The S24VP02 will 
respond to all commands for device 1010. 

Read/Write Bit 

The last bit of the data stream defines the operation to be 
performed. When set to "1 ," a read operation is selected; 
when set to "0," a write operation is selected. 



DEVICE HISH ORDER 

IDENTIFIER WORD ADDRESS 




1 1 82 81 SO 
I I I I I I I 
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FIGURE 5. SLAVE ADDRESS BYTE 
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WRITE OPERATIONS 

The S24VP02 allows IVKO^p^^mrtte operations: byte 
write and page wrtte. The byts wrfte operation writes a 
single byte during the nonvolatile write period (twp)- The 
page write operation allows up to 8 bytes in the same page 
to be written during twR. 

Byte WRITE 

After the slave address is sertt (to i«tem% the dave 
device, specify high order word address and a read or 
write operation), a second byte is transmitted which 
contains the low 8 bit addresses of any one of tfie 256 
words in the array. 

Upon receipt of the word addr^, ttid S@4¥P0S responds 
with an ACKnowledge. ARer m^^ng the next byte of 
data, it again responds with an ACKnowledge. The mas- 
ter then terminates the transfer by generating a STOP 
condition, at which time the S24VP02 begins the internal 
write cycle. 

White tfie internal wfl»eyote is in p@gr«^,, tho^iVf^ 
inputs are disabled, arid the device iMM n(M respond to aoiy 
requests from the master. Refer to Figure 6 for the 
address, ACKnowledge and data transfer sequence. 



Page WRITE 

The S24VP02 is capable of a 1&<b^ page write opera- 
tion. It is initiated in the same manner as the l^rtet^wcite 
operation, but instead of terminafldg Une wrfte (^etftMsr 
the first data word, the master can transmit up to 1 5 more 
bytes of data. After the receipt of each byte, the S24VP02 
will respond with an ACKnowledge. 

The S24VP02 automatically iricrements the address for 

siiisequent data words. AfiW M moe^ of eaeh 

the low order address bits are intemally incremented by 

one. The high order five bits of the address byte remain 

constant. Should the master transmit more than 1 6 bytes, 
prior to generating the STOP condition, the address 
counter will "roll over," and the previously written data will 
be ovenwritten. As with the byte-write operation, all inputs 
are disabled during the internal write cycle. Refer to 
Figure 6 for the address, ACKnowledge and data transfer 
sequence. 



Acknowledges Transmitted from 
24VP02 to Master Receiver 



If single byte-write only, 
stop bit issued fiere. 
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RGURE6. PAGE/BYTE WRITE MODE 
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Acknowledge Polling 

When the S24VP02 is performing an internal WRITE 
operation, it will ignore any new START conditions. Since 
the device will only return an acknowledge after it accepts 
the START, the part can be continuously queried until an 
aclcnowledge is issued, indicating that the Internal WRITE 
cycle is complete. 

To poll the device, give it a START condition, followed by 
a slave address for a WRITE operation (See Figure 7). 



Internal WRITE Cycle 
In Progress; 
Begin ACK Polling 



Issue Slave 
Address and 

r™ = o 




Issue Stop 



Cyols to GonptaiMl) 



Issue Stop 



Proceed with 
WRITE 



Await Next 
Coinmand 
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FIGURE 7. ACKNOWLEDGE POLLING 



READ OPERATIONS 

Read operations are initiated with the R/W bit of the 
identification field set to "1 ." There are four different read 
options: 

1 . Current Address Byte Read 

2. Random Address Byte Read 

3. Current Address Sequential Read 

4. Random Address Sequential Mead 

Current Address Byte Read 

The S24VP02 contains an internal address counter which 
maintains the address of the last word accessed, 
incremented by one. If the last address accessed (either 
a read or write) was to address location n, the next read 
operation would access data from address location rnl 
and Increment the current address pointer. When this 
S24VP02 receives the slave address field with the R/W bit 
set to "1 ," It issues an acknowledge and transmits the 
8-bit word stored at address location n+1 . 

The current address byte read operation only accesses 
a single byte of data. The master does not acknowledge 
the transfer, but does generate a stop condition. At this 
point, the S24VP02 discontinues data transmission. See 
Figure 8 for the address acknowledge and data transfer 
sequence. 



SDA Bus Activity 




Slave Address 
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FIGURES. CURRENT ADDRESS BYTE READ MODE 
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Random Address Byte Read 
Random address read operations allow the master to 
access any memory location in a random fashiion. Tills 
operation invotves a tm-'SSap fmemss. Hrst, the master 
issu^ a VMtte command which bietei^ the start condi- 
tion and the slave address field (Wffli the FVW bit set to 
WRITE) followed by the address of the word it is to read. 
This procedure sets the internal address counter of the 
S24VP02 to the desired addr^. 



After the word address acknowledge is received by the 
master, the master immediately reissues a start condition 
followed by another slave address field with the R/\N bit 
set to READ. The S24VP02 wiil respond with an adcnowd- 
edge and then transmit the 8-data trits stor&i ai lie 
addressed location. At this point, the master does not 
acknowledge the transmission but does generate the stop 
condition. The S24VP02 discontinues data transmission 
and reverts to its standby power mode. See Figure 9 for 
the address, acknowledge and data transfer sequence. 
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Sequential READ 

Sequential READs can be Initiated as either a current 
address READ or random access READ. The first word is 
transmitted as with the other byte read modes (current 
address byte READ or random address byte READ); 
however, the master now responds with an ACKnowledge, 
Indicating that it requires additional data from the 
S24VP02. The S24VP02 continues to output data for 
each ACKnowledge received. The master terminates the 
sequential READ operation by not responding with an 
ACKnowledge, and Issues a STOP epniiWiafis. 



During a sequential read operation, the internal address 
counter is automatically incremented with each acknowl- 
edge signal. For read operations, all address bits are 
incremented, allowing the entire array to be read using a 
single read command. After a count of the last memory 
address, the address counter will 'roll-over' and the 
memory will continue to ou4>ut data. See Figure 1 for the 
addnMi> i^SK}wiedge and data transfer sequence. 
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FIGURE 10. SEQUENTIAL READ OPERATION (starting with a Random Address READ) 
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ABSOLUTE MAXIMUM RATING® 



Temperature Under Bias -40°C to +85°C 

Storage Temperature -65°C to +125°C 

Soldering Temperature (less than 10 seconds) 300°C 

Supply Voltage to 6.5V 

Voltage on Any Pin -0.3V to Vcc+0.3V 

ESD Voltage (JEDEC method) 2,000V 



NOTE: These are STRESS ratings only. Appropriate conditions for operating these devices are given elsewhere in this specification. Stresses 
beyond those listed here may permanently damage the part. Prolonged exposure to maximum ratings may affect device reliability. 



DC ELECTRICAL CHARACTERISTICS 

S24VP02, Ta = -40°C to +85''C, Vcc = 5V + 10% 
S24VP02-3, Ta = -40°C to +85°C, Vcc = 2.7V to 5.5V 



Symbol 


Paramster 


Conditions 


Min 


Max 


Units 


Ice 


Supply Current (CMOS) 


SCL = CMOS Levels S lOOIOte 
SDA = Open 

All other inputs = GND or Vcc 


Vcc=5.5V 




3 


mA 


Vcc=3.3V 




2 


mA 


'sB 


Standby Current (CMOS) 


SCL = SDA = Vcc 
All other inputs = GND 


Vcc=5.5V 




50 


uA 


Vcc=3.3V 




25 


(lA 


iu 


Input Leakage 


ViN = To Vcc 




10 


ma 


lu> 


Output Leakage 


VouT = To Vcc 




10 


HA 


ViL 


Input Low Voltage 


SO, SI, S2, SCL, SDA, RESET 




0.3xVcc 


V 


VlH 


Input High Voltage 


SO. SI, S2, SCL, SDA 


0.7xVcc 




V 


Vol 


Output Low Voltage 


loL = 3mA 




0.4 


V 
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AC ELECTRICAL CHARACTERISTICS 

S24VP02, Ta = -40°C to +85°C, Vcc = 5V + 10% 



S24VP02-3, Ta = -40°C to +85°C, Vcc = 2.7V to 5.5V 


2.7V to 4.5V 


4.5V to 5.5V 




Symbol 


Parameter 








f.^ir 




Units 


fSOL 


SCL Clock Frequency 







100 




400 


KHz 


tLOW 


Clock Low Period 




4.7 




1.3 




US 


tHIQH 


Clock IHIgh Period 




4.0 




0.6 




|iS 


tBUF 


Bus Free Time 


Belore New Transmisskm 


4.7 




1.3 




us 


tSU:STA 


Start Condition Setup Time 




4.7 




0.6 




US 


tHD:STA 


Start Condition IHold Time 




4.0 




0.6 




US 


tSUzSTO 


Stop Condition Setup Time 




4.7 




0.6 




US 


tAA 


Clock to Output 


SCL Low to SDA Data Out Valid 


0.3 


3.5 


0.2 


0.9 


US 


tOH 


Data Out Hold Time 


SCL Low to SDA DEda Out Change 


0.3 




0.2 




US 


tR 


SCL and SDA Rise Time 






1000 




300 


ns 


tF 


SCL and SDA Fall Time 






300 




300 


ns 


tSU;DAT 


Data In Setup Time 




250 




100 




ns 


tHO:DAT 


Data In Hold Time 














ns 


Ti 


Noise Spike Width 
@ SCL, SDA Inputs 


Noise Suppresskm Time Constant 




100 




100 


ns 


tWR 


Write Cycle Time 






10 




10 


ms 
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CAPACITANCE 

TA = 25't;,f=100KHz 



Symbol 


Parameter 


Max 


Onils 


CiN 




s' 


pF 


CoUT 


Output Capacitance 
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FIGURE 11. BUS TIMING 



V,oj.^ CIRCUIT AC and DC ELECTRICAL CHARACTERISTICS 

TA = -40°C to +85°C 
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S24VP02-A 



S24VP02-B 



Symbol 



Min 



Max 



Min 



Max 



Min 



Max 



Unit 



VlOCK 



Write Locl<out VpHe^ Lwel 



2.55 



2.70 



4.25 



4.50 



4.50 



4.75 



tpuw 



Power-Up Write [}elay 



130 



20 



130 



270 



130 



270 



tLDLY 



Delay to Vlockout 



US 



tGLITCH 



Glitch Rlter 



30 



30 



30 
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FIGURE 12. V,^ OUTPUT TIMING 
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SUMMIT 

MICROELECTRONICS, Inc. S24VP04 



4K Serial E^PROM with a Precision Low-Vcc Loci(Out Circuit 3 and 5 Volt Systems 



FEATURES 

• Voltage Protsctton™ 

• Precision Low-Vcc Write Lockout ■ 

• All Write Operations InliililiN When Voc Falls 
below Vlock 

• One 3Volt and Two SVolt System VerMons 

- Vlock = 2.6V+.1V/-.05V 

- Vlock = 4.25V +.25V/-0.0V 

- Vlock = 4.50 +.25V/-0.0V 

• 100% Compatible with Industry Standard PC^ 

Devices 

- Bi-directional data transfer protocol 

- Standard 1 0OkHz and 400l(Hz Transfer Rates 

• 16-Byte Page-Write Mode 

- Minimizes total write time per byte 

• 1 ,000,000 Program/Erase Cycles 

• 100 Year Data Retention 

• Commercial industrial Temperature Range 



OVERVIEW 

The S24VP04 is a 4K-bit serial E^PROM memory inte- 
grated with a precision Vcc sense circuit. The sense 
circuit will disable write operations whenever Vcc falls 
below the Vlock voltage. It is fabricated using SUMIVIIT's 
advanced CMOS E^PROM technology and is suitable for 
both 3 and 5 volt systems. 

The S24VP04 is internally organized as 512 x 8. It fea- 
tures the I^C serial Interface and software protocol allow- 
ing operation on a simple two-wire bus. 
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PIN CONFIGURATIONS 
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PIN NAMES 



AO, A1 ,A2 


Address Inputs 


SDA 


Serial Data I/O 


SCL 


Seilal Clock Input 


DC 


Dont Cans 


GND 


Ground 


Vcc 


Supply Voltage 



PIN DESCRIPTIONS 

Serial Clock (SCL) - The SCL Input is used to clock data 
into and out of the device. In the WRITE mode, data must 
remain stable while SCL is HIGH. In the READ mode, data 
Is clocked out on the falling edge of SCL. 

Serial Data (SDA) - The SDA pin is a bidirectional pin 
used to transfer data into and out of the device. Data may 
change only when SCL is LOW, except START and STOP 
conditions. It is an open-drain output and may be wire- 
ORed with any number of open-drain or open-collector 
outputs. 



Address Inputs AO, A1, A2- Device Address Inputs 

These inputs are unused by the S24VP04; however, to 
ensure proper operation they should be left unconnected 
or tied to ground. The should not be tied high. 

m^situm&itwmw^ retention 

The S24VP04 is designed for applications requiring 
1 ,000,000 erase/write cycles and unlimited read cycles. It 
provides 100 years of secure data retention, with or 
without power applied, after the execution of 1 ,000,000 
erase/write cycles. 

DEVICE OPERATMSWI 

APPLICATIONS 

The S24VP04 was designed specifically for applications 
where the integrity of the stored data is paramount. In 
recent years, as the operating voltage range of serial 
E^PROMs has widened, most semiconductor manufac- 
turers have arbitrarily eliminated their Vcc sense circuits. 
The S24VP04 will protect your data by guaranteeing write 
lockout below the selected Vcc Lockout voltage. 

Vcc Lockout 

The S24VP04 has an on-board precision Vcc sense 
circuit. Whenever Vcc is below Vlock, the S24VP04 will 
disable the internal write circuitry. The Vcc lockout circuit 
will ensure a higher level of data integrity than can be 
expected from industry standard devices that have either 
a very loose ^rclfioatlon or no Vcc lockout specification. 

During a power-on sequence all writes will be inhibited 
below the Vlock level and will continue to be held in a write 
inhibit state for approximately 200ms after Vcc reaches, 
then stays at or above Vlock- The 200ms delay provides 
a Mi^r space for the microcontroller to comply tts 
pow^<^ inlei^tton rpiMns® (reading is OK) while still 
proteetlrtg agMn$t Inadvertent writes. 

During a power-down sequence initiation of writes will be 
inhibited whenever Vcc falls below Vlock. This will guard 
against the system's microcontroller performing an inad- 
vertent write within the 'danger zone', (see AN001) 



20081.45/15/98 



9-16 







$24VP04 



SDA 



SCL 



RESET 



Vgc 



Master 
Transmitter/ 
Receiver 



Slave 
Receiver 



Slave 

Transmitter/ 

Receiver 



(24VP04) 



Master 
Transmitter 



Master 
Transmitter/ 

Receiver 

(rC/hP) 



FIGURE 1. TYPICAL SYSTEM CONFIGURATION 



SCL 



/\ Data must \ Data must \^ 



Data must 
remain stable 
while clock 
is HIGH 



Change 
of data 
allowed 



Data must 
remain stable 
while clock 
is HIGH. 



I 



SDA 



tHD:DAT 



tSU:DAT 



tHD:DAT 



FIGURE 2. INPUT DATA PROTOCOL 



SCL 














START 
Condition 


A 1 \ r 


STOP 
Condition 




SDA In 




\ 


/ \ 


/ 











FIGURE 3. START AND STOP CONDITIONS 



9-17 



S24VP04 



SCL from 
Master 

Data Output 
from 
Trarramitter 

Data Output 
from 
Receivar 



V_^^V^"'"V^"nv_/^ 

' Ctar+ I ' 



I Start 
> Condition 



X 



7 



> tAA 



r 



; tAA 



"V ^ACKnowledge ^ 



rwum 4. Ammmjmm «m*mm mm mmirm 



CHARACTERISTICS OF THE 1% mtS 

General Description 

The I^C bus was designed for two-way, two-line serial 
communication between different integrated circuits. The 
two lines are: a serial data line (SDA), and a serial clock 
line (SCL). The SDA line must be connected to a positive 
supply by a pull-up resistor, located somewhere on the 
bus (See Figure 1). Data transfer between devices may 
be initiated with a START condition only when SCL and 
SDA are HIGH (bus is not busy). 

Input Data Protocol 

One data bit is transferred during each clock pulse. The 
data on the SDA line must remain stable during clock 
HIGH time, because changes on the data line while SOL 
is HIGH will be interpreted as start or stop condition (See 
f^ure 2). 

START and STOP Conditions 

When both the data and clock lines are HIGH, the bus is 
said to be not busy. AHIGH-to-LOW transition on the data 
line, while the clot* Is HIGH, is defined as the "START' 
condition. A LOW-to-HI@H tran$ia»i on the data line, 
While Vtm tMxk is HI®H, is defined as the "STOP" condi- 
tion (Sm Figum ^. 

DEVICE OPERATION 

The S24VP04 is a 1 6,384-bit serial E^PROM. The device 
supports the I^C bidirectional data transmission protocol. 
The protocol defines any device that sends data onto the 
bus as a 'Iransmitter" and any device which receives data 
as a "receiver." The device controlling data transmission 
is called the "master" and the controlled device is called 
the "slave." In all cases, the S24VP04 will be a "slave" 
6m/iB6, ^rK» it mmr Initiates any data transfers. 



Aeknowledge (ACK) 

Aclcnowledge is a software convention used to Indicate 
successful data transfers. The transmitting device, either 
the master or the slave, will release the bus after transmit- 
ting eight bits. During the ninth clock cycle, the receiver 
will pull the SDA line LOW to ACKnowledge that it re- 
ceived the eight bits of data (See Figure 4). 

The S24VP04 will respond with ah ACKnowledge after 

recognition of a START condition and its slave address 
byte. If both the device and a write operation are selected, 
the S24VP04 will respond with an ACKnowledge after the 
receipt of each subsequent 8-bit word. 

In the READ mode, the S24VP04 transmits eight bits of 

data, then releases the SDA line, and monitors the line for 
an ACKnowledge signal. If an ACKnowledge is detected, 
and no STOP condition is generated by the master, the 
S24VP04 will continue to transmit data. If an ACKnowledge 
is not detected, the S24VP04 will terminate further data 
transmissions and awaits a STOP condition before relum- 
ing to the standby powermoia. 

Device Addressing 

Following a start condition the master must output the 
address of the slave it is accessing. The most significant 
four bits of the slave address are the device type identifier 
(S09 flgwe S). For ttie ^Mim Wis Is fixed as 1 01 0[B]. 



' DEVICE HIGH ORDER 

IDENTIFIER WORD ADDRESS 

^ 

10 \ Q m 81 BS ~ 

_^ ^ ^ y ^ li^fL 

200810.71.0 

FIGURE S. SLAVE ADDRESS BYTE ' 
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The next two bits are don't care. The S24VP04 will 
respond to all connmands for device 1010. 

Bank Select Bit 

The next bit of the serial stream is the bank select bit. It is 
used by the host to toggle between the two 2K-bit banks 
of memory. It is, in effect, the most significant bit of the 
word addre^ or A8. 

Read/Write Bit 

The last bit of the data stream defines the operation to be 
performed. When set to "1 ," a read operation is selected; 
when set to "0," a write operation is selected. 



WRITE OPERATIONS 

The S24VP04 allows two types of write operations: byte 
write and page write. The byte write operation writes a 
single byte during the nonvolatile write period (twR). The 
page write operation allows up to 16 t^tes in tte same 
page to be written during twR- 

Byte WRITE 

After the slave address is sent (to identify the slave 
device, specify high order word address and a read or 
write operation), a second byte is transmitted which 
contains the low 8 bit addresses of any one of the 512 
woris in ttie array. 



Upon receipt of the word address, the S24VP04 responds 
with an ACKnowledge. After receiving the next byte of 
data, it again responds with an ACKnowledge. The mas- 
ter then terminates the transfer by generating a STOP 
condition, at which time the S24VP04 begins the internal 
write cycle. 

While the internal write cycle is in progress, the S24VP04 
inputs aredisabled, and the device will not respond to any 
requests from the master. Refer to Figure 6 for the 
address, ACKnowledge and data transfer sequence. 

Page WRITE 

The S24VP04 is capable of a 1 6-byte page write opera- 
tion. It is initiated in the same manner as the byte-write 
operation, but instead of terminating the write cycle after 
the first data word, the master can transmit up to 15 more 
words of data. After the receipt of each word, the 
S24VP04 will respond with an ACKnowledge. 

The S24VP04 automatically increments the address for 
subsequent data words. After the receipt of each word, 
the four low order address bits are internally incremented 
by one. The high order five bits of the address byte remain 
constant. Should the master transmit more than sixteen 
words, prior to generating the STOP condition, the ad- 
dress counter will "roll over," and the previously written 
data will be ovenwritten. As with the byte-write operation, 
ail inputs are disabled during the internal write cycle. 
Referto Figure 6 forthe address, ACKnowledge and data 
transfer sequence. 
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Acknowledge Polling 

When the S24VP04 is performing an internal WRITE 
operation, it will ignore any new START conditions. Since 
the device wM only return an acknowledge after it accepts 
the START, the fast em be (»ntlnuously qt^ried until an 
acknowledge is issued, indicating thatthe internal WRITE 
cycle is complete. 

To poll the device, give It a START condition, followed by 
a slave address for a WRITE opecaiM piii^«iii 7). 
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FIGURE 7. ACKNOWLEDGE POLLING 



READ OPERATIONS 

Read operations are initiated with the R/W bit of the 
identification field set to "1 There are four different read 
options: 

1 . Current Address Byte Read 

2. Random Address Byte Read 

3. Current Address Sequential Read 

4. Random Address Sequential Rmd 

Current Address Byte Read 

Tlie S24\/P04 contains an Internal address counter which 
maintains the address of the last word accessed, 
incremented by one. If the last address accessed (either 
a read or write) was to address location n, the next read 
operation would access data from address location n+1 
and increment tie eurr^ address pointer. Wtan ^ 
S24VP04 receives the slave address flieidwIttiflieFl^blt 
set to "1," it issues an acknowledge and transnslls #» 
8-bit word stored at address location n+1 . 

The current address byte read operation only aoo&SS^ 
a single byte of data, the mieiter does not adoMM^ie 
the transfer, but does generate a stop condition. At this 
point, the S24VP04 discorMiMMisis^ transmission. See 
Figure 8 for the address adttMiledge and data transfer 
sequence. 
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Random Address Byte Read 

Random address read operations allow the master to 
access any memory location in a random fashion. This 
operation involves a two-step process. First, the master 
issues a write command which includes the start condi- 
tion and the slave address field (with the R/W bit set to 
WRITE) followed by the address of the word it is to read. 
This procedure sets the internal address counter of the 
^4VP04 to the d^red addr^. 



After the word address acknowledge is received by the 
master, the master immediately reissues a start condition 
followed by another slave address field with the R/W bit 
set to READ. The S24VP04 will respond with an acknowl- 
edge and then transmit the 8-data bits stored at the 
addressed location. At this point, the master does not 
acknowledge the transmission but does generate the stop 
condition. The S24VP04 discontinues data transmission 
and reverts to its standby power mode. See Figure 9 for 
the address, acknowledge and data transfer sequence. 
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FIGURE 9. RANDOM ADDRESS BYTE READ MODE 
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Sequential READ 

Sequential READs can be initiated as either a current 
address READ or random access READ. The first word is 
transmitted as with the other byte read modes (current 
address t>yte READ or random address byte READ); 

InfiHcafing tiiat it risciuires additional data from the 
S24VP04. The S24VP04 continues to output data for 
each ACKnowledge received. The master terminates the 
sequential READ operation by not responding with an 
ACKnowledge, and issues a STOP conditions. 



During asequential read operation, the internal address 
counter is automatically incremented with each acknowl- 
edge signal. For read operations, all address bits are 
incremented, allowing the entire array to be read usinga 
single read command. Mir a count ot Urn ia^ immmf 
address, the address courAtr wW 'roll-over* and flie 
memory will continue to outptttd^. See Figure 10 for the 
address, acknowledge and data transfer sequence. 
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ABSOLUTE MAXIMUM RATINGS 



Temperature Under Bias -40°C to +85°C 

Storage Temperature -65°C to +125°C 

Soldering Temperature (less than 10 seconds) 300°C 

Supply Voltage to 6.5V 

Voltage on Any Pin -0.3V to Vcc+0.3V 

ESD Voltage (JEDEC method) 2,000V 



NOTE: These are STRESS ratings only. Appropriate conditions for operating these devices are given elsewhere in this speciflGation. Stresses 
beyond those listed here may permanently damage the part. Prolonged exposure to maximum ratings may affect device reiiabittty. 



DC ELECTRICAL CHARACTERISTICS 

S24VP04, Ta = -40°C to +85°C, Vcc = 5V ± 10% 
S24VP04-3, Ta = -40°C to +85°C, Vcc = 2.7V to 5.5V 



Symbol 


Parameter 


Conditions 


lUlin 


Max 


Units 


Icc 


Supply Current (CMOS) 


SCL = CMOS Levels ® lOOKHz 

SDA - Open 

All other inputs = GND or Vcc 


Vcc=5.5V 




3 


mA 


Vcc =3.3V 




2 


mA 


ISB 


Standby Current (CMOS) 


SCL = SDA = Vgc 
All other inputs = GND 


Vcc =5.5V 




50 


pA 


Vcc=3.3V 




25 


HA 


Ili 


Input Leakage 


ViN = To Vcc 




10 


HA 


ILO 


Output Leal<age 


VouT = To Vcc 




10 


mA 


ViL 


Input Low Voltage 


SO, SI , S2, SCL, SDA, RESET 




0.3xVcc 


V 


VlH 


Input High Voltage 


SO, 81, S2, SCL, SDA 


0.7xVcc 




V 


Vol 


Output Low Voltage 


loL = 3mA 




0.4 


V 
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AC ELECTRICAL CHARACTERISTICS 



S24VP04-3, Ta = -40°C to +85°C, Vcc = 2.7V to 5.5V 


2.7V to 4.5V 


4.5V to 5.5V 




Symbol 


Parameter 


Conditions 


Min 


Max 


Min 


Max 


Units 


fSCL 


SCL Clock Frequency 







100 




400 


KHz 


tLOW 


Clock Low Period 




4.7 




1.3 




us 


tHIGH 


Clock High Period 




4.0 




0.6 




US 


tBUF 


Bus Free Time 


Before New Transmission 


4.7 




1.3 




us 


tSU:STA 


Start Condition Setup Time 




4.7 




0.6 




(IS 


tHD:STA 


Start Condition Hold Time 




4.0 




0.6 




US 


tSU:STO 


Stop Condition Setup Time 




4.7 




0.6 




us 


tAA 


Clock to Output 


SCL Low to SDA Data Out Valid 


0.3 


3.5 


0.2 


0.9 


US 


tOH 


Data Out Hold Time 


SCL Low te SDA Data Out Oiange 


0.3 




0.2 




US 


tH 


SCL and SDA Rise Time 






1000 




300 


ns 


tF 


SCL and SDA Fall Time 






300 




300 


ns 


tSU:DAT 


Data In Setup Time 




250 




too 




ns 


tHD:DAT 


Data In Hold Time 














ns 


Tl 


Noise Spike Width 
@ SCL. SDA Inputs 


Noise Suppression Time Constant 




100 




100 


ns 


tWR 


Write Cycle Time 






10 




lO 


ms 
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CAPACITANCE 

TA = 25°C.t = 100KHz 



Symbol 




Max 


Units 


CiN 


Input Capacitance 




pF 


COUT 


Output Capacitance 


8 


pF 
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tR 



tH IGH tLOW 
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SDAIn 



tHD:DAT , 
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tBUF 
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-tDH 



SDA Out 



V,„,, CIRCUIT AC and DC ELECTRICAL CHARACTERISTICS 



1 A = -4U" O 10 +03 1^ 


S24VP04-2.7 


S24VP04-A 


S24VP04-B 




Symbol 


Parameter 


Min 


Max 


IVlin 


IMax 


Min 


Max 


Unit 


Vlock 


Write Loclcout Voltage Level 


2.55 


2.70 


4.25 


4.50 


4.50 


4.75 


V 


tpuw 


Power-Up Write Delay 


130 


20 


130 


270 


130 


270 


ms 


tLDLY 


Delay to Vlockout 




5 




5 




5 


|iS 


tQLITCH 


QIHch Filter 




30 




30 




30 


ns 
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FiaURE 12. V,^ OUTPUT TIMING 
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I^SUMMIT 

L I MICROELECTRONICS, Inc. 



S24VP16 



16K Serial E^PROM with a Precision Low-Vcc Locl(out Circuit 3 and 5 Volt Systems 



FEATURES 

• Voltage Protection™ 

• Precision Low-Vcc Write Lockout 

• All Write Operations inhibited When Vcc Fails 
below Vlock 

• One 3Volt and Two SVolt System Versions 

- Vlock = 2.6V+.1V/-.05V 

- Vlock = 4.25V +.25V/-0.0V 

- Vlock = 4.50 +.25V/-0.0V 

• 100% Compatible with Industry Standard I^C^" 
Devices 

- Bi-directional data transfer protocol 

- Standard 1 0OkHz and 400kHz Transfer Rates 

• 16-Byte Page-Write IVIode 

- Minimizes total write time per byte 

• 1,000,000 Program/Erase Cycles 

• ICQ Year Data Retention 

• Commercial Industrial Temperature Range 



OVERVIEW 

The S24VP16 is a 16K-bit serial E^PROM memory inte- 
grated with a precision Vcc sense circuit. The sense 
circuit will disable write operations whenever Vcc fails 
below the Vlock voltage. It is fabricated using SUMMITS 
advanced CMOS E^PROM technology and is suiteble for 
both 3 and 5 volt systems. 

The S24VP16 Is Internally organized as 2,048 x 8. It 
features the I^C serial interface and softwai^e protocol 
allowing operation on a simple two-wire bus. 

PIN DESCRIPTIONS 

Serial Clock (SCL) - The SOL input Is used to clock data 
Into and out of the device. In the WRITE mode, data must 
remain stable whIleSCLIsHIGH.IntheR EAD mode, data 
Is clocked out on the falling edge of SCL. 



BLOCK DIAGRAM 

Vcc [±- 



NC \T 



GND [T - 



scl[T- 

SDA[i[« 
NCpT 

Ncfi" 

NC[7 
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RESET 
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GENERATOR 




vtrip 




RESET 
CONTROL 
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MODE 
DECODE 



ADDRESS 
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DATA I/O 



WRITE 
CONTROL 



E2PROM 
MEMORY 
ARRAY 
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PIN CONFIGURATIONS 



Plastic Dual-in-line 




"P" Package 




«»!! 




Dvcc 


A1 [2 




7] NC 


A2 [3 




HSCL 


GND [4 




HSDA 


JEDEC Small Outline 




"S"' Package 




AO [T 






HVcc 


A1 [F 






7]NC 


A2 [I 






i]SCL 


GND \± 






5]SDA 
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PIN NAMES 



AO, A1 , A2 


Unused Address Inputs 


SDA 


Serial Data I/O 


SCL 


Serial Clock Input 


GND 


Ground 


Vcc 


Supply Vpltage 


NC 


No Connect 



Serial Data (SDA) - The SDA pin is a bidfreoUonal pin 
used to transfer da^ into and out of the device. Data may 
change only when SCL is LOW, except START and STOP 

conditions. It is an open-drain output and may be wire- 
ORed with any number of open-drain or open-collector 

Alfdress liifiute (AQi A1, A2) - The AO, A1 and A2 Inputs 

are unused by the ^4VP16; however, to insure proper 
operation they should be tied to ground. They must not be 

tied to Vcc- 



ENDURANCE AND DATA RETENTION 

The S24VP1 6 is designed for applications requiring up to 
1 ,000,000 erase/write cycles and unlimited read cycles. 
It provides 100 years of secure data retention, with or 
without power applied, after the executton of 1 ,000,000 
erase/write cycles. 

DEVICE OPERATION 

APPLICATIONS 

The S24VP1 6 was designed specifically for applications 
where the integrity of the stored data is paramount. In 
recent years, as the operating voltage range of serial 
E^PROMs has widened, most semiconductor manufac- 
turers have arbitrarily eliminated their Vcc sense circuits. 
The S24VP1 6 will protect your data by guaranteeing write 
lockout below the selected Vgc Lockout voltage. 

Vcc Lockout 

The S24VP16 has an on-board precision Vcc sense 
circuit. Whenever Vcc is below Vlock, the S24VP16 will 
disable the internal write circuitry. The Vcc lockout circuit 
wiil snsuj@ a higher level 9t data integrity than can be 
expectedfrom Industry standard devices that have ettrer 
a very loose specification or no Vcc lockout specification. 

During a power-on sequence all writes will be inhibited 
below the Vlock level and will continue to be held in a 
write Inhibit state for approximately 200ms after Vcc 
reaches, then ^ys^at oral30we Vux^. The 200ms delay 
provides a bui#>^ace for flie nnicrocontroller to com- 
plete Its power-on initializatfon routines (reading Is OK) 
while still protecting against Inadvertent writes. 

During a power-down sequence initiation of writes will be 
inhibited whenever Vcc falls below Vlock- This will guard 
against the system's mi^tjcontroller performing an inad- 
vertent write within the 'datiger mm', (see AN001) 

CHARACTERISTICS OF tME 1% BUS 

General Description 

The I^C bus was designed for two-way, two-line serial 
communication between different integrated circuits. The 
two lines are: a serial data line (SDA), and a serial clock 
line (SCL). The SDA line must be connected to a positive 
supply by a pull-up resistor, located somewhere on the 
bus (See Figure 1). Data transfer between devices may 
be Niterted wtti a START condlfion only when SCL and 
SDA are HIGH (bus is not busy). 
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FtGURE 1. TYPrCAL SYSTEM CONFIGURATION 
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FIGURE 3. START AND STOP CONDITIONS 
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FIGURE 4. ACKNOWLEDGE RESPONSE FROM RECEIVER 



Input Data Protocol 

One data bit is transferred during each clocl< pulse. The 
data on the SDA line must remain stable during clock 
HIGH time, because changes on the data line while SCL 
is HIGH will be interpreted as start or stop condition (See 
Figure 2). 

START and STOP Conditions 
■ Wlien both the data and clock lines are HIGH, the bus is 
said to be not busy. A HIGH-to-LOW transition on the data 
line, while the clock is HIGH, is defined as the "START' 
condition. A LOW-to-HIGH transition on the data line, 
while the clock Is HIGH, Is defined as the "STOP" condi- 
tion (See Figure 3). 

DEVICE OPERATION 

The S24VP1 6 is a 1 6,384-bit serial E^PROM. The device 

supports the I^C bidirectional data transmission protocol. 
The protocol defines any device that sends data onto the 
bus as a "transmitter" and any device which receives data 
as a "receiver." The device controlling data transmission 
is called the "master" and the controlled device is called 
the "slave." In all cases, the S24VP16 will be a "slave" 
device, since It never lAttiatK any data transfers. 

Acknowledge (ACK) 

Acknowledge is a software convention used to indicate 
successful data transfers. The transmitting device, either 
the master or the slave, will release the bus after transmit- 
ting eight bits. During the ninth clock cycle, the receiver 
will pull the SDA line LOW to ACKnowledge that It 
received the eight bits of data (See Figure 4). 

The S24\/P16 will respond with an ACKnowledge after 
recognition of a START condition and its slave address 
byte. If both the device and a write operation are selected, 
the S24VP1 6 will respond with an ACKnowledge after the 
receipt of each subsequent S-bit word. 



In the READ mode, the S24VP1 6 transmits eight bits of 
data, then releases the SDA line, and monitors the line for 
an ACKnowledge signal. If an ACKnowledge is detected, 
and no STOP condition is generated by the master, the 
S24VP1 6 will continue to transmit data. If an ACKnowledge 
Is not detected, the S24VP16 will terminate further data 
transmissions and awaits a STOP condition before return- 
ing to the standby power mode. 

Device Addressing 

Following a start condition the master must output the 
address of the slave it is accessing. The most significant 
four bits of the slave address are the device type Identifier 
(see figure 5). For the S24VP16 this is fixed as 1010fB]. 

Word Address 

The next three bits of the slave address are an extension 
of the array's address and are concatenated with the eight 
bits of address in the word address field, providing direct 
access to the 2,048 X 8 array. 

Read/Write Bit 

The last bit of the data stream defines the operation to be 
performed. When set to "1 ," a read operation is selected; 
when set to "0," a write operation is selected. 



DEVICE NIGH ORDER 
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WRITE OPERATIONS 

The S24VP1 6 allows two types of write operations: byte 
write and page write. The byte write operation writes a 
single byte during the nonvolatile write period (twR). The 
page write operation allows up to 16 bytes in the same 
page to be written during twR. 

Byte WRITE 

After the slave address is sent (to identify the slave 

device, specify high order word address and a read or 
write operation), a second byte is transmitted which 
contains the low 8 bit addresses of any one of the 2,048 
words in the array. 

Upon receipt of the word address, the S24VP1 6 responds 

with an ACKnowledge. After receiving the next byte of 
data, it again responds with an ACKnowledge. The mas- 
ter then terminates the transfer by generating a STOP 
condition, at which time the S24VP1 6 begins the internal 
write cycle. 



While the internal write cycle Is in progress, the S24VP1 6 
inputs are disabled, and the device will not respond to any 
requests from the master. Refer to Figure 6 for the 
address, ACKnowledge and data transfer sequence. 

Page WRITE 

The S24VP16 is capable of a 16-byte page write opera- 
tion. It Is Initiated in the same manner as the byte-write 
operation, but Instead of terminating the write cycle after 
the first data word, the master can transmit up to 1 5 more 
words of data. After the receipt of each word, the 
S24VP16 will respond with an ACKnowledge. 

The S24VP16 automatically Increments the address for 
subsequent data words. After the receipt of each word, 
the four low order address bite are Internally incremented 
by one. The high order five bits of the address byte remain 
constant. Should the master transmit more than sixteen 
words, prior to generating the STOP condition, the ad- 
dress counter will "roll over," and the previously written 
data will be overwritten. As with the byte-write operation, 
all inputs are disabled during the internal write cycle. 
Refer to Figure 6 forthe address, ACKnowMitilpMidata 
transfer sequence. 



Acknowledges Transmitted from 
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If single byte-write only, 
stop bit issued here. 



Acknowledges Transmitted from 
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FIGURE 6. PAGE/BYTE WRITE lUODE 
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Acknowledge Polling 

When the S24VP16 is performing an internal WRITE 
operation, it will ignore any new START conditions. Since 
the device will only return an acknowledge after it accepts 
the START, the part can be continuously queried until an 
acknowledge is Issued, indicating that the internal WR ITS 
cycle is complete. 

To poll the device, give it a START condition, followed by 
a slwe address for a WRITE operattqiri i(^Bi»JPiwire i|» 



Interna] WRfTE Cycle 
bi 



* ■ 
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READ OPERATIONS 

Read operations are initiated with the R/W bit of the 
identification fleM set to "1 ." There are four different read 
Q^pns: 

1 . Current Address Byte Read 

2. Random Address Byte Read 

3. Current Address Sequential Read 
4 ^iMNomAddre^ Sequential Read 

Oyinent AiiMIWilrte Read 

The S24VP1 6 contains an internal address counter which 
maintains the address of the last word accessed, 
incremented by one. If the last address accessed (either 
a read or write) was to address location n, the next read 
operation would access data from address location n+1 
and increment the current address pointer. When the 
S24VP16receives the slave address field with the R/W bit 
set to "1," it issues an acknowledge and transmits the 
8-bit word stored at address location n+1 . 

The current address byte read operation only accesses 
a single byte of data. Tf^ipst^r €b>es not acknowledge 
the transfer, but does gpietate a stop condition. At this 
point, ttie S24\^6^seQriiriues data transmission. See 
Figure 8 for ttie address acknowledge and data transfer 
sequence. 
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Random Address Byte Read 

Random address read operations allow the master to 

access any memory location in a random fashion. This 
operation involves a two-step process. First, the master 
issues a write command which includes the start condi- 
tion and the slave address field (with the RAW bit set to 
WRITE) followed by the address of the word it is to read. 
This procedure sets the internal address counter of the 
S24VP16 to the desired address. 



After the word address acknowledge Is received by the 
master, the master immediately reissues a start condition 

followed by another slave address field with the RAA/ bit 
set to READ. The S24VP1 6 will respond with an acknowl- 
edge and then transmit the 8-data bits stored at the 
addressed location. At this point, the master does not 
acknowledge the transmission but does generate the stop 
condition. The S24VP1 6 discontinues data transmission 
and reverts to its standby power mode. See Figure 9 for 
the address, acknowledge and data transfer sequence. 
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FIGURE 9. RANDOM ADDRESS BYTE READ MODE 




Sequential READ 

Sequential READs can be initiated as either a current 
address READ or random access READ. The first word is 
transmitled as wiOi ttie other byte read modes (current 
adttress byte REAO ot randam HEtdm^ BEMJt; 

indicating that it requires additional data from the 
S24VP16. The S24VP16 continues to output data for 
each ACKnowledge received. The master terminates the 
sequential READ operation by not responding with an 
ACKnowledge, and issues a STOP conditions. 



S24VP16 



During a sequential read operation, the internal address 
counter is automatically incremented with each acknowl- 
edge signal. For read operations, all address bits are 
Incremented, allowing the entire array to be read using a 
single read command. After a ©i^iM of the M wmamy 
address, the address counter will 'roll-over* and the 
memory will continue to output data. See Figure 1 for the 
address, acknowledge and datei transfer sequence. 
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Data to Master 



Slave Transmitter 
to 

Master R< 



Slave Transmitter 
to 

Master Receiver 



Slave Transmitter 
to 



Slave Transmitter 
to 



Lacl< of ACK (low) 
determines last 
data byte to be read 



Slave sends 
Data to Master 



Slave Transmitter 



Master Transmitter 
to 

. Slave Receiver 
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ABSOLUTE MAXIMUM RATINGS 



Temperature Under Bias -40°C to +85°C 

Storage Temperature -65°C to +:25°C 

Soldering Temperature (less than 10 seconds) 300°C 

Supply Voltage to 6.5V 

Voltage on Any Pin -0.3V to Vcc+0.3V 

ESD Voltage (JEDEC method) 2,000V 



NOTE: These are STRESS ratings only. Appropriate conditions for operating ttiese devices are given elsewhere in this spedficidion. Str^ses 
beyond those listed here may permanently damage the part. Prolonged exposure to maximum ratings may affect device rsitediility. 



DC ELECTRICAL CHARACTERISTICS 

S24VP16, Ta = -40°C to +85°C, Vcc = 5V ± 10% 
S24VP1 6-3, Ta = -40<'C to +85°C, Vcc = 2.7V to 5.5V 



Symbol 


Paramelar 


Conditions 


Min 


lUax 


Units 


loo 


Supply Cun^nt (CMOS) 


SCL = CMOS Levels @ lOOKHz 
SDA = Open 

All other Inputs = GND or Voc 


Vcc=5.5V 




3 


mA 


Vcc=3.3V 




2 


mA 


ISB 


Standby Current (CMOS) 


SCL = SDA = Vcc 
All other inputs = GND 


Vcc=5.5V 




50 


liA 


Vcc=3.3V 




25 


ha 


lu 


input Lealo^ 


Vw = OToVcc 




10 




luo 


Output Leal<age 


VouT = To Vcc 




10 


HA 


ViL 


Input Low Voltage 


SO, SI, S2, SCL, SDA, RESET 




O.SxVcc 


V 


VlH 


Input High Voltage 


SO, SI, S2, SCL, SDA 


0.7xVcc 




V 


Vol 


Output Low Voltage 


IOL = 3mA 




0.4 


V 
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AC ELECTRICAL CHARACTERISTICS 

S24VP16, Ta = -40''C to +85°C, Vcc = 5V ± 10% 



S24VP16-3, Ta = -40°C to +85°'c, Vcc = 2.7V to 5.5V 


2.7V to 4.5V 


4.5V to 5.5V 




Symbol 


PfliwiMlwr 


CendHlons 


Mbi 


Max 


Min 


Max 


Units 


fSCL 


SCL Clocit Frequency 







100 




400 


KHz 


tLOW 


Clock Low Period 




4.7 




1.3 




US 


tHIQH 


Clock High Period 




4.0 




0.6 




US 


tSUF 


Bus Free Time 


Before New Transmission 


4.7 




1.3 




|iS 


tSUSTA 


Start Condition Setup Time 




4.7 




0.6 




lis 


tHD:STA 


Start Condition Hold Time 




4.0 




0.6 




KS 


tSU:STO 


Stop Condition Setup Time 




4.7 




0.6 




\1S 


tAA 


Ciock to Output 


SCL Low to SDA Data Out Valid 


0.3 


3.5 


0.2 


0.9 


MS 


tDH 


Data Out Hold Time 


SCL Low to SDA Data Out Change 


0.3 




0.2 




(IS 


tR 


SCL and SDA Rise Time 






1000 




300 


ns 


tF 


SCL and SDA Fall Time 






300 




300 


ns 


tsU:DAT 


Data In Setup Time 




250 




100 




ns 


tHO:DAT 


Data In Hold Time 














ns 


Tl 


Noise Spike Width 
@ SCL, SDA Inputs 


Noise Suppression Time Constant 




100 




100 


ns 


tWR 


Write Cycle Time 






10 




10 


ms 



2006 PGM 1.0 



9-35 



S24VP16 



CAPACITANCE 

TA = 25°C,f = 100KHz 





Parameter 


Max 


Units 


CiN 


Input Capacitance 


S 


PF 


GotIT 


Output Capacitance 


8 
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tR 



tH IGH tLOW 



tSU:STO 



SCL 



SDAIn 



I tSU:SDA .tHD:SDAi 



tHD:DAT 1- 



1 tSU:DAT 



tBUF 



tAA I 



SDA Out 
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FIGURE 11. BUSTIIVIING 



Vlooc circuit AC and DC ELECTRICAL CHARACTERISTICS 

fA»-40°CtO+85'>C 



S24VP1 6-2.7 



S24VP16-A 



S24VP16-B 



Symbol 



Max 



Min 



Max 



Min 



Max 



Unit 



VUQCK 



Write Locl<out Voltage L.s«ei 



2.55 



2.70 



4.25 



4.50 



4.50 



4.75 



tPUW 



Power-Up Write Delay 



130 



20 



130 



270 



130 



tLDLY 



Delay to Vlockout 



US 



teUTCH 



Glitch Filter 



30 



30 



30 

MbePGMT41.3 
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FIGURE 12. V, ^ OUTPUT TIMING 
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I^SUMMIT 

L I MICROELECTRONICS, Inc. 



S93VPe62/S93VP663 



4K Serial E^PROM with a Precision Low-Vcc Loclcout Circuit 



FEATURES 

• Voltage Protection''"* 

• Precision Low-Vcc Write Loclcout 

• Ail Write Operations inhibited When Vcc Falls 

below Vlock 

• One 3Volt and Two SVolt System Versions 

- Vlock = 2.6V+.1V/-.05V 

- Vlock = 4.25V +.25V/-0.0V 

- Vlock = 4.50 +.25V/-0.0V 

• 100% Compatible with Industry Standard 
Mierewire Devices 

• 1 ,000,000 Program/Erase Cycles 

• 100 Year Data Retention 

• Commercial Industrial Temperature Range 



OVERVIEW 

The S93VP662 and S93VP663 are 4K-blt serial 
E^PROM memories integrated witli a precision Vcc 
sense circuit. Tlie sense circuit will disable write opera- 
tions wiienever Vcc falls below the Vlock voltage. Ttney 
are fabricated using SUMIVllT's advanced CIVIOS 
E^PROM technology and is suitable for both 3 and 5 volt 
systems. 

Both devices have 4l<-bits of E^PROIV! memory that is 
accessible viathe industry standard microwire bus. The 
S93VP662 is configured with an internal ORG pin tied 
low providing an 8-bit byte organization and the 
S93VP663 is configured with an internal ORG pin tied 
high providing a 16-bit word organization. Both the 
S93VP662 and S93VP663 have page write capability. 
The devices are designed for a minimum 1 ,000,000 
program/erase cycles and have data retention in ex- 
cess of 100 years. 



BLOCK DIAGRAM 

Vcc |T- 



cs [T- 
SK |T- 
D) [T- 



5KHz 
Oscillator 



RESET 
PULSE 
GENERATOR 




vtrip 



RESET 
CONTROL 



MODE 
DECODE 



ADDRESS 
DECODER 



DO|T« 



WRITE 
CONTROL 



MEMORY 
ARRAY 
4K-Blt 

E2PR0M 
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Characteristics subject to change vrithout notice 
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PIN CONFIGURATION 



DIPPacia^(P) 



S@fli Package (S) 




cs C. •^ 

SKC: 2 
Dl d 3 
DOC 4 



8 vcc 
7 Nc 

6 p NC 
GND 



PIN FUNCTIONS 



Pin Name 


Function 


CS 


Chip Select 


SK 


Clock Input 


Dl 


Sert^ Ma input 


DO 


Serial Data Output 


Vcc 


+2.7 to 6.0V Power Supply 


GND 


Ground 



During a power-on sequence all witles witt be IMMed 
below the Vlock level and will cOMnue to be ttSId In a 
write inhibit state for approximately 200ms after Vcc 
reaches, then stays at or above Vlock- The 200ms delay 
provides a buffer space for the microcontroller to com- 
plete its power-on initialization routines (reading is OK) 
wMIe still protecting against inadvertent writes. 

During a power-down sequence initiation of writes will 
be Inhibited whenever Vcc falls below Vlock- This will 
guard against the system's microcontroller performing 
an inadvertent write within the 'danger zone', (see 
AN003) 



DEVICE OPERATION 
APPLICATIONS 

The S93VP662A/P663 was designed specifically for 
applications where the integrity of the stored data is 
paramount. In recent years, as the operating voltage 
range of serial E^PROMs has widened, most semicon- 
ductor manufacturers have arbitrarily eliminated their 
Vcc sense circuits. The S93VP662A/P663 will protect 
your data by guaranteeing write loclcout below the se- 
lected Vcc Locl<out voltage. 

Vcc Uocl<out 

The S93VP662A/P663 has an on-board precision Vcc 
sense circuit. Whenever Vcc is below Vlock, the 
S93VP662/VP663 will disable the internal write circuitry. 
The Vcc lockout circuit will ensure a higher level of data 
kitegrity than can be expected from industry standard 
dwifees Oiat itave eithier a very loose spei^^M£in or no 
Vcc ioclcout specification. 



GENERAL OPERATION 

The S93VP662A/P663 is a 4096-bit nonvolatile memory 
intended for use with industry standard microproces- 
sors. The S93VP663 is organized as XI 6, seven 1 1-bit 
instructions control the reading, writing and erase 
operations of the device. The S93VP662 is organized as 
X8, seven 1 2-bit instructions control the reading, writing 
and erase operations of the device. The device operates 
on a single 3V or 5V supply and will generate on chip, the 
high resfufted dliiMig any write operation. 

Instructions, addresses, arid write data are clocited into 

the Dl pin on the rising edge of the clock (SK). The DO 
pin is normally In a high impedance state except when 
reading data from the device, or when checking the 
ready/busy status after a write operation. 

The ready/busy status can be determined after the start 
of a write operation by selecting the device (CS high) and 
polling the DO pin; DO low indicates that the write 
operation is not completed, while DO high indicates thrt 
the device is ready for the next Instruction, if necessary, 
the DO 1^ tra^ be piac^ bask Into a high impedance 
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Pi 



S93VP662/S93VP663 



state during chip select by shifting a dummy "1 ° into the 
Dl pin. The DO pin will enter the high impedance state 
on the falling edge of the clock (SK). Placing the DO pin 
into the high impedance state Is recommended in appli- 
cations where the Dl pin and the DO pin are to be tied 
together to form a common DiA3 pin. 

The format for ail instructions is; one start bit; two op 
code bits and either eight (x16) or nine (x8) address/ 
instmc^on bits. 

Read 

Upon receiving a READ command and an address 
(clocl<ed into the Dl pin), the DO pin of the S93VP662/ 
VP663 will come out of the high impedance state and, 
will first output an initial dummy zero bit, then begin 
shifting out the data addressed (MSB first). The output 
data bits will toggle on the rising edge of the SK clock 
and are stable after the specified time delay (tpoo or 
tpDi)- 



Write 

After receiving a WRITE command, address and the 
data, the CS (Chip Select) pin must be deselected for a 

minimum of 250ns (Icsmin). The falling edge of CS will 
start automatic erase and write cycle to the memory 
location specified in the instruction. The ready/busy 
status of the S93VP662A/P663 can be determined by 
selecting the device and polling the DO pin. 

Erase 

Upon receiving an ERASE command and address, the 
CS (Chip Select) pin must be deslected for a minimum 
of 250ns (tcsMiN). The falling edge of CS will start the 
auto erase cycle of the selected memory location. The 

ready/busy status of the S93VP662A/P663 can be 
determined by selecting the device and polling the DO 
pin. Once cleared, the content of a cleared location 
returns to a logical "1" state. 



SK 



Dl 



CS 



DO 





* *SKHI * 


— 'SKLOW — > 


M 


*CSH 


















'DIS 


■* 'dih 



VALID 



•CSS 



'DIS 



^ (xxxxxxkxxxxxxxxxxxx 



ttpDO.'PDI 



\ / 



*CSMIN 



DATAVAUD 



Figure 1. Sychronous Data Timing 
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OS _/ 



An An_i 



STANDBY 



DO 



'pnn ~H 



HIGH-Z 



HIGH-Z 



Dm Dn_i Dl Do 

Figure 2. Read Instruction Timing 
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Erase/Write Enable and Disable 

The S9SVP@^/VP6^ powisrs up to; the write disable 
st^: Any wrttfiag after power-up or after an EWDS 
(wrfte disable) instruction must first be preceded by tiie 
EWEN (write enable) Instruction. Once the write in- 
struction is enabled, it will remain enabled until power to 
the device is removed, or the EWDS instruction is sent . 
The EWDS instruction can be used to disable all 
S93VP662A/P663 write and clear instructions, and will 
prevent any accidental writing or clearing of the device. 
Data can be read normally from the device regardless 
of the write enable/disable status. 

liiseAil 

Upon recei^tig m WWKL cemmand, the CS (Chip 
Select) pin must be deselected for a minimum of 250ns 
(tcsMiN). The falling edge of CS will start the self clocking 
dear cycle of all memory locations in the device. The 



clocking of the SK pin is not necessary after the device 
has entered the self clocking mode. The ready/busy 
status of the S93VP662/VP663 can be detemiin^ by 
selecting the device and polling the DO pin> 'Qm» 
cleared, the contents of all memory bite return to a 
logical "1" state. 

Write All 

Upon receiving a WRAL command and data, the CS 
(Chip Select) pin must be deselected for a minimum of 
250ns (tcsMiN). The falling edge of CS will start the self 
clocking data write to all memory locations in the device. 
The clocking of the SK pin is not necessary after the 
device has entered the self clocking mode. The ready/ 
busy status of the S93VP662/VP6i@ 6an be detenrtini 
by selecting the device and polltni| tie DO pin. It is 
necessary for all memory locatkms to be cleared beMe 
tl<» yi^l^ sMwani immsmltmi. 



n n n n n n ri n n ri I mmmmmmmi 

CS _/ 



An an.i 



'^o Dm Do 



'OS 



STATUS 
VERIFY 



DO 



BUSY 



STANDBY 



READY 



HIQH-Z 



Figure 3. Write lnstruetl«in Tlmirtg 
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CS 



Dl 



DO 



^ / STATU 



An An-1 AO 



1 1 1 



HIQH-Z 



STATUS VERIFY 

'cs 

-^S 



V 



STANDBY 



.^BUSY y ' READY 



'HZ 



Figure 4. Erase Instruction Timing 
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SK 



CS 



RjiJijmjmjinjijmrLrLrLrL 



STANDBY 



* ENABLE=1 1 
DISABLE=00 



Figure s. IWEN/EWDS Instruction Timing 



SK 



CS 
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f 



\ J STATUS VERIFY 



Dl / 1 



DO 



HIGH-Z 



'SV" 



r* ^'EW »■ 



READY 



'HZ 



HIGH-Z 



Figure 6. ERAL Instruction Timing 
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SK 



CS 
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f 



Dl / 1 



DO 



'SV " 



STATUS VERIFY 

•-'cs 





, STANDBY 



'EW- 



READY 



HIGH.Z 



Figure 7. WRAL Instruction Timing 
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iNsmicnofi SET 



Instruction 


Start 


Opcode 


Address 


I3ata 


Comments 




Bit 




S93VP662 


S93VP663 


S93VP662 


S93VP663 




READ 


1 


10 


A8-A0 


A7-A0 






Read Address AN-AO 


ERASE 


1 


11 


A8-A0 


A7-A0 






Clear Address AN-AO 














,:.i-AO 




1 


Q@ 










V\Mte Enable 


EWDS 


1 


00 


OOxxxmiqiK 








Write Disable 


ERAL 


1 


00 


lOxxx xxxx 


lOxxxxxx 






Clear All Addresses 


WRAL 


1 


00 


11XXXXXXX 


01 XXX XXX 


D7-D0 


D15-D0 


Write All Addresses 
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fl 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias -55°C to +125°C 

Storage Temperature -65°C to +150°C 

Voltage on any Pin with 

Respect to Ground'^' -2.0V to +Vcc +2.0V 

Vcc witli Respect to Ground -2.0V to +7.0V 

Pacl<age Power Dissipation 

Capability (Ta = 25°C) LOW 

Lead Soldering Temperature (10 sees) 300°C 

Output Short Circuit Current'^' 100 mA 



S93VP662/S93VP663 



♦COMMENT 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only, and functional operation of 
the device at these or any other conditions outside of those 

listed in the operational sections of this specification is not 
implied. Exposure to any absolute maximum rating for 
extended periods may aifedt device peHimmaam and 
reliability. 



RELIABILITY CHARACTERISTICS 



Symbol 


Parameter 


MIn. 


Max. 


Units 


Reference Test Method 




Endurance 


1,000,000 




Cycles/Byte 


MIL-STD'883, Test Method 1033 


TdrP) 


Data Retention 


100 




Years 


MIL-STD-883, Test Method 1008 


VZAP(3) 


ESD Susceptibility 


2000 




Volts 


MIL-STD-883, Test Method 3015 


Ilth(3)(^) 


Latch-Up 


100 




mA 


JEDEC Standard 17 



D.C. OPERATING CHARACTERISTICS 

Vcc = +2.7V to +6.0V, unless otherwise specified. Ta = -40^0 to +85^0 
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Limits 






Symbol 


Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


Ice 


Power Supply Current 
(Operating) 






3 


mA 


DI=O.OV, fsK=1MHz 
Vcc = 5.0V, CS = 5.0V, 
Output Open 


ISB 


Power Supply Current 
(Standby) 






50 


HA 


CS = OV 


Ili 


Input Leakage Current 






2 


HA 


ViN = OV to Vcc 


Ilo 


Output Leakage Current 
(Including ORG pin) 






10 


liA 


Vqut = OV to Vcc, 
CS = OV 


Viui 

VlHI 


Input Low Voltage 
Input High Voltage 


-0.1 
2 




0.8 
Vcc+1 


V 
V 


4.5V<Vcc<5.5V 


V|L2 
V|H2 


Input Low Voltage 
Input High Voltage 




VccXO.7 




VccXO.2 
Vcc+1 


V 
V 


1.8V^C0<2.7V 


V0L1 

Vqhi 


Output Low Voltage 
Output High Voltage 


2.4 




0.4 


V 
V 


4.5V<Vcc<5.5V 
l0L = 2.1mA 
lOH = -400mA 


V0L2 
VoH2 


Output Low Voltage 
Output High Voltage 


Vcc-0.2 




0.2 


V 
V 


1.8V^cc<2.7V 
loL= 1mA 
loH = -lOOnA 



Note: 

(1) The minimum DC input voltage is -0.5V. During transitions, inputs may undershoot to -2.0V for periods of 
voltage on output pins is Vcc +0.5V, which may overshoot to Vcc +2.0V for periods of less than 20 ns. 

(2) Output shorted for no more than one second. No more than one output shorted at a time. 

(3) This parameter is tested initially and after a design or process change that affects the parameter. 

(4) LEdch-up protection Is provided for stresses up to 100 mA on address and data pins from -IV to Vcc +1V. 
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PIN CAPACITANCE 



Symbol 


Test 


Max. 


Units 


Conditions 


CoUT<1) 


OUTPUT CAPACITANCE (DO) 


5 




VouT^OV 


C,n(1) 


INPUT CAPACITANCE (CS, SK, Dl, ORG) 


5 


PF 
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(1) This parametsr is tested InHialty and ij^ 



A.C. CHARACTERISTICS 







Limits 










Vcc=2.7V-4.5V 


Vcc=4.5V-5.5V 




Test 


SYMBOL 


PARAMETER 


Min. 


Max. 


MIn. 


Max. 


UNITS 


CoraflHens 


tcss 


CS Setup Time 


100 




50 








tCSH 


C&H@yTlinD 












ns 




tois 


Dl Setup Time 


200 




100 




ns 




toiH 


Dl Hold Time 


200 




100 




ns 




tPDI 


Output Delay to 1 




0.5 




0.25 


US 




tPDO 


Output Delay 10 6 




0.5 




0.25 


US 


Cl = lOOpF 


tHz(i) 


Output Delay to MiglN^Z 




200 




100 


ns 


tEW 


Program/Erase Pulse Width 




10 




10 


ms 




tcSMIN 


Minimum CS Low Time 


0.5 




0.25 




US 




tSKHI 


Minimum SK High Time 


0.5 




0.25 




JIS 




tSKLOW 


Minirnum ymtum 


0.5 




0.25 




US 




tsv 


Output Delay to Valid 




0.5 




0.25 


US 




SKmax 


Maximum dock Frequency 


' 130 


500 


DC 









Note: 2019 PQMT6 1.0 

(t) Thte parameter tested inHaUy and after a de^ wpcBMse^^ 
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^LocK CIRCUIT AC and DC ELECTRICAL CHARACTERISTICS 



Ta = -40°C to +85''G 



S24VP662/VP663-2.7 S24VP662/VP663-A S24VP662/VP663-B 



Symbol 



Parameter 



Min 



Max 



Min 



Max 



Min 



Max 



Vlock 



Write Lockout Voltage Level 



2.55 



2.70 



4.25 



4.50 



4.50 



tPUW 



Power-Up Write Delay 



130 



20 



130 



270 



130 



270 



tLDLY 



Delay to Vlockout 



tOUTCH 



GIteh Filter 



30 



30 



30 



2019PQMT1 1.5 



tQLITCH 




2disiij.9i.e 



Figure 8. Vlock Ttming Diagram 
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I^SUMMIT 

L I MICROELECTRONICS, Inc. 



Application Note 1 



Preventing Data Corruption in E^PROM Memory Applications 



Abstract 

E^PROMs are used in many embedded systems to store 
data essential to ttie proper operation of the system. 
Experience allows that many of these systems are sub- 
ject to seemingly random low incidence data loss during 
the operation of the system which cannot be attributed to 
design or software bugs. The actual failure Is corruption of 
the data by the inadvertent writing of Improper data Into 
the E^PROM during power transitions of the system. This 
situation has been worsened in recent years with the 
utilization of extended voltage range devices in 5 volt 
systems. That is, the E^PROMs are designed to write data 
at voltages much below the operating voltage of the 
microcontroller. Improved E^PROM sensing circuits and 
Integrated RESET controllers finally provide a reliable 
solution to this applicaUons problem. 

Historical Aspect 

The first 5-volt E^PROMs on the market in the eariy 80s 
were parallel devices. These devices included a crude 
Vcc sensor to disable write operations from being initiated 
in the device if Vcc fell below a certain voltage. Since 
these Vcc sensors were not specified at close tolerances 
many applications suffered from 'inadvertent write' data 
corruption. Software data protection was developed to 
solve this problem on the 64K densities and was so 
successful when used in conjunction with a RESET 
control circuit, it became an industry standard feature for 
parallel E^PROIVls. In retrospect, a RESET input to the 
E^PROM memory might have been a better solution for 
many systems. 

The emergence of serial E^PROMs, which make up the 
vast majority of new E^PROM applications, brought a 
false sense of security. Since a write operation required a 
definite sequence of data transfers of the serial interface 
it was assumed that this could not happen by accident in 
the event of a power cycle. The past 1 years have shown 
that this was indeed not the case since systems are still 
experiencing this data corruption problem. 



From the beginning several schemes emerged including 
write enable instructions, write control inputs and the write 
disabling of certain portions of the memory to try to secure 
the most critical data in the system. Understanding the 
entire problem behind data corruption one can see how 
these features have improved but not solved this problem. 

Most inadvertent write problems in today's systems are 
caused by the 'non-interaction' of the RESET generating 
circuitry and the E^PROM in the system. That is, if the 
RESET control circuitry is not valid for controlling the 
RESET input to the microcontroller during power-up, 
power-down and brownout situations, it is quite possible 
for the microcontroiler to execute code in an unpredict- 
able manner. 

This situation is made worse if a serial E^PROM with a 
wide operating voltage range such as 1 .8-5.5 volts is used 
in a system designed around 5 volts. If the RESET control 
circuitry is not designed to keep the microcontroller In 
RESET down to the 1 .8 volt range problems can occur. 
Modern microcontrollers rely upon the RESET input to set 
up the voltage boundaries of operation since the manu- 
facturers do not specify a minimum voltage where the 
microcontroller is guaranteed to stop functioning but 
rather a minimum voltage where the microcontroller is 
guaranteed to operate, Figure 1 shows a typical problem. 
The RESET control for the microcontroller generates a 
valid reset condition whenever Vcc is below 4.5 volts and 
is valid down to a Vcc of 3.0 volts. The serial E^PROM 
operates down to 1 .8 volts which means that its internal 
Vcc sensor will disable write operations when Vcc is 
below 1 .6 volts. This defines the area between 3.0V and 
1 .6V as the danger zone. If the microcontroller, in what- 
ever state that it is in when Vcc is between 1 .6V and 3.0V 
initiates a write operation, the E^PROM will execute the 
write operation, potentially overwriting valid data with 
invalid data. 
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O.OV 




nglMl i. Khi Danger Zone 



TTie level of the Vcc sense on the E^PROM is also 

important to insure proper operation. If The Vcc sense 
level of the E^PROIVI Is set at a higher level than the 
RESET controller threshold the E^PROM will Ignore valid 
write instructions and as a result the data will not be 
updated. This is especially problematic in instances of 
brown out where the Vcc level of the system falls below 
the Vcc sense level of the E^PROM but not far enough to 
trigger a RESET event. 

Design Solutions 

The first step is to insure that the Vcc sense level of the 
E^PROM to be used is compatible with the system design. 
In many cases the actual value of the Vcc sense Is not 
stated In the data sheet nor Is the stablli^ over tempera- 
ture spedfled. 

The second step is to insure that the RESET controller 
provides a reliable RESET signal during all critical power 
conditions. In addition the logic level of the RESETSt^ift 
must be valid at any Vcc level above 1 volt. 

Care must be taken to insure that the variances of both the 
Vcc sense on the E^PROM and the RESET are as small 
as possible since large variations on either will increase 
the size of the danger as well as Interfere with the normal 
operation of the system. 



Ideally the Vcc sense level used for the E^PROM Wflte 
disable and the RESET generation should be the same. 
Many modern serial E^PROMs include a Write Control 
input to allow an external hardware write disable. If this 
signal is driven from the RESET circuitry the same Vcc 
level can iNtMd. «A«iR MWt aMNionsy compoiKiM 

A more practical solution to this problem is the Integration 
of the RESET controller on the Serial E^PROM Itself. The 

result is a precise and stable Vcc sensor which generates 
the E^PROM write disable as well as the system RESET 
signal at the same voltage. 

The first examples of this type of device are the 824163, 
8241 62 and 824VP16. All three are 16K-blt two wire 
serial memories and each has a precision reset controller 
on-board. The S241 63 and S241 62 have the reset signal 
bonded out to the RESET pin. The 24VP1 6 does not bond 
out the reset signal, but utilizes it internally to accurately 
disable the charge pump circuitry. 

The RESET pin is both an input and an output allowing the 
devices to generate a proper RESET sequence either 
from the internal voltage sensor or an external signal such 
as a RESET button. The internal RESET timer insures 
that the RESET pulse width is a minimum of 200 msec 
regardless of the RESET condition. 
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The S24163, S24162 and S24VP16 are designed for 
systems with a nominal operating voltage of 5 volts +1 0%. 
The Vcc sensor is set to 4.25 volts which insures that even 
witti the sped^eti variation over temperature of 50 mvolts 
ttiat it will lievW^IR IlMo the operating voltage range of the 
system. In a simitar manner, for those systems using a 
nominal E^PROM of 3.0 volte +10%, the E^PBOMsePWor 
is set to 2.6 volts. 

ThefiDures bekm show the Interface between a 68HC1 1 
microconturitoranci an S241 63 and a similar interface for 
an 80C51 and the S24162. Both examples show the 

simplicity of the interface between the microooMsieraRd 
the E^PROM based microperipheral 



Integration of the RESIT ^fitroller on the E^PROM has 
several impMiHit adwmiiiges: 

1 . Single E^PROM sense voltage disables write opera- 
tions and resets system. 

2. Utilization of E^PROIVI allows ttte internal ^PWOM 
sense level to be precisely adjusted without the need 
for external components. 

3. Reduction in co»fipdlT«i#coant lor system 

The integration of the reset controller on the E^PROM 
device Is the best solution to the Inadvertent write prob- 
lem. The S24163 and subsequent members of the 
E^PROU^ microcontroller peripheral family will provide a 
cost effective and reliable method of insuring data integ- 
% (n a vMlriy of embadded applications. 
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Data Corruption in I^C Serial E^PROIMs 



Serial E^PROMs have given many designers a false 
sense of security with regards to inadvertently writing 
data to the device during power down and power up. 
Unlil<e parallel devices, serial devices needed a very 
particular sequence of data and clock transitions to com- 
plete a write cycle. In the case of the parallel devices, the 
only condition that needed to be met to initiate a write 
cycle was CE = WE = L and OE = H. In other words, a 
simple voltage spii<e can cause an inadvertent write with 
a parallel E^PROM, but not on a serial device. However, 
serial E^PROMs are still susceptible to data corruption 
due to inadvertent writes. The three primary causes of 
inadvertent writes in I^C type Serial memories are catego- 
rized below; a symptom, root cause artd solution for each 
is shown. 



Symploin: Random data loss during read operations. 
Root (^use: Loss of start condition during ranctom read. 



A random read operation to an I^C serial E^PROM con- 
sists of two parts. The first of these is the writing of the 
address to be read into the device (Start, Slave Address 
R/W{= LOW}, byte address). The second part is reading 
of the data (Start, Slave Address R/W{= High}, Data Out) 
In a noisy application the start condition in between these 
two parts may not be received by the serial E^PROM. If 
this occurs, a random read operation will be interpreted as 
a byte write operation and data is corrupted. This is most 
often seen as the mysterious emergence of the slave 
address stored in the location that was to be altered. 

Solution: The random access read operation can easily 

be broken into two separate instructions. The first is a 
write instruction and address followed by a stop condition. 
No write will occur, but the internal address pointer will be 
updated. The second part is to reissue a start condition, 
followed by the read command, effectively performing a 
current address read operation. 

If one always uses these two instructions rather than a 
single instruction, the two operations will be separated by 
proper acknowledge, stop and start conditions and the 
problem will be eliminated. 



Industry Recommended Method For Random Read 
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Symptom: Data is lost when power is turned off and on to 
the serial E^PROM when power strobing 

Rsatt^ms Tesf «Asde Activation 

Power strobing Is frequently used by designers of sys- 
tems to reduce current consumption. It Is most often 
Implemented by turning off the VCC tothe serial E^PROM 
through the use of a FET switch. Since the contents of the 
serial E^PROM are nonvolatile, the device only needs to 
tiimed on to read information into static RAM in the 
MCtl and then turned off during system operation. 

Problems may arise in this application If the particular 
serial E^PROM which is to be used implements test 
modes by applying a high voltage to certain inputs on the 
device. With VCC tumed off, some devices can interpret 
a logic level signal on one of the inputs as a "high voltage" 
ami prpMd tQ;.enter a test mode. Since test modes on 
serial normally include such things as block 

erase and block progrma, eMeft^ inttttiese modes can 
be catastrophic. 

Solution: Insure the manufacturer's E^PROMs that you 
use have no hig|) voltage enabled test modes on inputs 
tNii mWI not be connected to ground when the device is 
tuned off. It should be noted that each serial E^PROI^I 
manufacturer will implement different test modes in differ- 
ent manners. These test modes are seldom Included on 
the manufacturer's data sheets. 



Symptom: Serial E^PROM Loses data when power Is 
turned off and it appears as if a data retention failure has 
occurred. 

Root Cause: The microcontfoHer ececuted a mH^ ^ 
eration during power-up or power-down This te byftrtus 
most common cause of inadvertent writes of data in the 
I^C serial E^PROIVIs. The code to write to the serial 
E^PROM resides In the program memory of the 
microcontroller. If the microcontroller gets into this sec- 
tion of code accidentally, the serial E^PROM will be 
written. In most cases, this occurs during power-down or 
a brown-out situation where the microcontroller is not held 
In a proper reset state. This situation combined with 
today's I^C E^PROMs ability to perform a write operation 
down to <1.8 yolls can apun lead to a catastrophic 
inadvertent write. 

Solution: When a serial E^PROM of any kind is used in 
a microcontroller system, a reset control circuit must be 
used to hold the microcontroller In a valid resif i^Ml6ri 
during all power transitions: including power-^jp, power^ 
down and iMawnNOuts. Traditional R/Cetrcuits are usete^ 
in protecting the data in the E^PROM from corruption. 
The Summit S24XX3 family of devices integrate a preci- 
sion reset controller with the serial E^PROM in a single 
cost effective component. 

If the system is already in produc^on and adequ^ reset 
Protection cannot be added, then the Summit 
'W"(Voltage Protected) series of E^PROMs should be 
considered. Depending upon the options chosen the 
devices will disable write operations below 4.4 
witM^ndard) or 2.6 volte(-3 versions). 
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Microwire Memories and Brownouts: 
Another Danger Zone 



Application Note 3 



When parallel E^PROM's were first introduced to the 
market, the number one customer issue was inadvertent 
write operations. These would occur during power-up and 
power-down operations. The system would be in an 
unknown state with the write control lines to the E^PROM 
moving and occasionally matching up to perform a write. 
The resolution to this phenomenon came about when 
serial E^PROMs were Introduced to the market. Their 
incident rate of inadvertent writes was practically zero. 

After an investigation it became apparent the complex 
sequence of events required to write to serial devices was 
the likely solution. This in fact has been proven to be the 
situation. Almost all parallel E^PROMs now employ some 
form of software data protection; which is nothing more 
than requiring the host to issue a sequence of writes to 
specific addresses with an alternating bit pattern. This 
sequence of addresses and data patterns are very un- 
likely to occur during a reset condition regardless of how 
sloppy the external power-on reset circuit might be. 

This situation naturally held true for serial memories, until 
recently, that is. Almost all manufacturers' devices now 
operate over the entire voltage range between 1.8V and 
5.5V. That is, regardless of the part number si^ denot- 
ing voltage range, a single die from a manufacturer 
provides all the voltage flavors. In orderforthe low voltage 
devices to operate correctly, the internal power on reset 
(POR) circuits have been set to a value below 1 .6V or 
disabled altogether. Thus, a device operating in a 5V 
system can still be written even when Vqc is well below the 
system's tolerance level. In most instances this is prob- 
ably ok, but there is still a 'danger zone' that has been 
described in detail in Summif s Application Hate 001 . 



However, with a microwire device this type of situation can 
be exacerbated during a brownout. Refer to figure 1 illus- 
trating a Vcc slump (brownout condition), a valid ERASE 
command sequence (shown as light gray waveforms) 
which have been superimposed by a wavefomi during a 
brownout (black waveforms). 

A valid ERASE command is comprised of a start bit (logic 
1) and a 2-bit command (2 sequential 1's) and then an 
address to be erased. Suppose the Dl line were held high, 
CS transitioned high and spurious clocks came in on the 
CLK line - This would perform an erase at location 3F[H] 
(for the 9346) or location 7F[H] (for the 9356/66) 

Now suppose Vcc slumps below the system reset thresh- 
old and activates the system reset to the microcontroller. 

The microcontroller will generally respond by resetting Its 
port lines to a default condition as an input. 

Assume EWEN is still valid. Vcc is still higher than the 
memory's POR threshold so the 93xx is still 'write viable'. 
The port lines are attached to the CS, Dl and CLK lines of 
the 93xx device which are high impedance. If you then 
look at the superimposed waveforms and assume the 
three inputs then float above VIH and noise is coupled to 
the lines, specifically the CLK line, then it can be seen an 
ERASE will occur at the highest address location of the 
device. 
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The only wi^ to p^fimek against this is to coordinate the 
reset function of We microcontroller wilti that of the 
memory. An external reset circuit Is not the solution 
because there is no RESET or DISABLE input to the 

memory. The best solution is to use the S93663/S93662 
orS93VP66from Summit Microelectronics. ThisS93663/ 
S93662 is a standard microwire memory, plus it incorpo- 
rates a precision reset controller. The reset controller is 

used internally to mm» mmm»mmwm0mmis^ 



AppiiiatiQn Note 3 



open drain output to the «^em. The 893663 has an 
acHve low reset output ttie S93662 has an active 
high reset output. 

Alternatively, the S93VP66 could be used. It has the same 
precision Vcc sense circuitry on-board and will disable 
writes whenever Vcc falls below a preset threshold. There 
are three thresholds currently available to insure proper 
operation in both 3 Volt and 5 Voft ^tems. 
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Using Summit's S24xx3 Precision Reset Controller in Existing Designs 



Introduction 

Many existing embedded control systems use a voltage 
supervisory circuit to provide a reset function for the 
microcontroller and also use an fC serial E^PROM 
(24Cxx) for nonvolatile memory storage. Summit's 
S24xx3 family of Precision Reset Controllers with I^C 
E^PROM memory offers a simple replacement for these 
two devices, not only providing the end user board space 
savings but most importantly cost savings. This applica- 
tion note illustrates a 'no risl<' easy implementation of the 
S24xx3 devices into existing designs. 

Figure 1 illustrate a typical implementation of a reset 
GOFttroller and 1% memory. 
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Figure 1 : Existing Design Which Utilizes 
Stand-Alons Reaet Controller and 24Cxx 



Implementation 

The Summit S24xx3 device features a pinout compatible 
with the fC serial E^PROM (see Figure 2). The S24xx3 
can usually be inserted into the serial E^PROM socket 
wit) just one minor 
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Figure 2: Pinout Comparison Between 24Cxx and 
Summit S2A10C3 



change, the addition of a connection for the SYSTEM 
RESET signal to Pin 2 of the Summit device (see Figure 
3). This may also be accomplished with a jumper wire to 
preclude revision of the circuit card. No software change 
is required. Since the S24xx3 provides the precision reset 
signal required by the microcontroller, the socket re- 
served for the stand-alone reset controller can now be left 
vacant (saving substantial cost). Board space savings 
can be realized by eliminating the reset controller socket 
altogether. 
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Figures: System Modified to Accept S24x]^ 
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Misceilan«Qus Design Issues 

The generic I^C memories designate pins 1 ,2 and 3 as AO, 
A1 and A2 respectively. During the early development 
years of tine products, these pins allowed individual ad- 
dressing of multiple memories providing a facility to ex- 
pand the memory density serviced by the bus [applicable 
for IK, 2K and 4K densities only]. Today, with the wide 
selection of densities available, multiple memories on the 
same bus is very rare and these pins are generally tied to 
ground or left floating. Some manufacturers have actually 
turn ed these p ins Into true no connects, so using pin 2 for 
ydur P^^^mffel' p6se no problem t)eyond a 'cut and 
jump' or the addition of a single tracwiQn existing boards. 

Performance Benefits 

The Summit S24xx3 offers users of 24xx serial E^PROIVIs 
a more efficient solution to their embedded control design, 
providing board space savings and cost savings. There 
are additional benefits that can be realized by using the 
S24xx3 solution. The Vcc sensing circuit, which is used 
for the reset control function. Is now on the same piece of 
silicon as the E^PROM memory array. This allows the 
S24xx3 to effectively "shut down" the E^PROIVI array 
when Vcc drops below the reset threshold. This provides 
the user with a higher degree of protection against inad- 
vertent writes and data corruption. On the precision reset 
side, Summit's unique application of E^PROM technology 
also allows for a calibration of the resettrip point during the 
manufacturing process, resulting in less vaif^0t0 (rf ttie 
trip point due to process variations. 



Second Sourcing 

If second sourcing is an issue, Summit's "No RiskDesI^'' 

will satisfy multiple sourcing requirements. By simpty 
designing a circuit board as shown In Figure 3, the design 
will feature the S24xx3 as the primary source for the 
solution. This implementation takes full advantage of 
component cost savings and reliability enhancements. 
The second source will be the components that the 
Summit device replaces: a standard serial E^PROM and 
a stand-alone reset controller device. Only one minor 
software change might need to be made to ensure proper 
communication with the serial E^PROM device. If the 
replacement memory's A1 input is internally connected 
then the A1 bit of the 1% protocol win need to be ctiaiped 
from '0' to '1 '. This change will mat^ ttrasOftwaits prolseEtl 
to the A1 pin that will now be driven HIGH by the 
unasserted reset line. 

Summary 

The Summit S24xx3 offers users of E-^serial E^PHQMs 
amore efficient solution to theirembedctedcontroldi^gn, 
providing board space savings and cost savings. A more 
secure E^PROM memory function and a more precise 

reset control function are a result of the higher degree of 
device integration. Summit has also allowed for 'design 
for procurement' considerations by giving this device 
family a pinout compatible with industry standard I^C 
serial E^ROMs. 
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Using Summit's S24xx2 Precision Reset Controller in Existing Designs 



Introtluction 

Many existing embedded control systems utilize a voltage 
supervisory circuit to provide a reset function for tfie 
microcontroller; and also use an I^C serial E^PROM 
(24Cxx) for nonvolatile memory storage. Some systems, 
especially those that utilize an Intel-style microcontroller 
(such as an 8051), require an active HIGH reset function. 
Designs on the higher end of the complexity scale will also 
contain additional devices that require an externally ap- 
plied reset signal; most likely an active LOW input. At a 
minimum, this requires the designer to add an inverter into 
the microcontroller's reset circuit. The added complexity 
and additional components mean additional cost. 
Summit's S24xx2 family of precision reset controllers 
(with a complementary reset outputs) and an I^C 
E^PROM offer a simple replacement for the reset control 
device and the serial E^PROM. Thereby providing the 
designer with PC board space savings as well as cost 
savings. Perhaps most important are the technical advan- 
tages of having the precision reset control function and 
the E^PROM function on the same piece of silicon. 

The Summit S24xx2 device can be 'deslgned-into' exist- 
ing systems with a minimum of effort. This applications 
note addresses only those systems requiring an active 
HIGH reset function. For active LOW only reset designs, 
see Applications Note 004 "Using Summit's S24xx3 Pre- 
cision Reset Controller In Existing Designs". 

The Old Solution 

Figure 1 , below, represents a typical existing design. 
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Implementation of the Summit Device 

The Summit S24xx2 device features a pinout that is 
compatible with the I^C serial E^PROM (see Figure 2). 
The S24xx2 can usually be inserted into the serial 
E^PROM socket with one minor change; the addition of a 
connection from the RESET signal on Pin 7 to the 
microcontroller reset input (see Figure 3). This may also 
be accomplished with a jumper wire to preclude revision 
of the circuit card. No software change is required. Since 
the S24xx2 now provides the precision reset signal re- 
quired by the microcontroller, the socl<et reserved for the 
stand-alone reset controller can be left vacant (saving 
substantial cost). Board space savings can be realized by 
eliminating the reset controller soclcet altogeUiiir. 
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Figure 2: Pinout Comparison Between 24Cxx and 
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Figure 3: System Modified to Accept S24xx2 



Rgure 1 : Existing Design That Utilizes 
Stand-Alone Reset Controller and 24Cxx 
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Multiple Reset Requirements 

Some designs contain other devices that require an 
external reset. If it requires an active l-IIGH reset, the 
same signal used for the microcontroller can be used 
(Pin 7). If the device requires an active LOW reset, the 
S24xx2 provides a complementary active LOW, reset 
signal on Pin 2 (see Figure 4). 

Miscellaneous Design Issues 

The generic 1% memories designate pins 1 ,2 and 3 as AO, 
A1 smd AS respecUw^, During the early development 
of flie produds, ttiese pins allowed individual ad- 
dressing of multiple memories providing a facility to ex- 
pand the memory density serviced by the bus [applicable 
for 1K, 2K and 4K densities only]. Today, with the wide 
selection of densities available, multiple memories on the 
same bus is very rare and these pins are generally tied to 
ground or left floating. Some manufacturers have actually 
turned these pins into true no connects, so using pin 2 for 
your RESET should pose no problem beyond a 'cut and 
jump' or the addition ata^in0atmssme»^^)U§i!emt&B^ 

Similarly, pin 7 has had various functions ap^Rjgn9i@M9r 
the years. The only version needing consideration is that 
where pin 7 is a write lockout input and it is being used to 
make a normal read/write memory into a PROM. 

Performance Benefits 

There are technical benefits realized by using the Summit 
S24xx2 solution. The Vcc sensing circuit, which is used 
for the reset control function, is now on the same piece of 
silicon as the E^PROIVI memory array. This allows the 
S24xx2 to effectively "shut down" the E^PRQiyi array 
when Vcc drops below the reset threshold. This provides 



the user with a much higher degree of protection against 
inadvertent writes and data corruption. On the precision 
reset side, Summit's unique application of E^PROM tech- 
nology allows for calibration of the reset trip point during 
the manufacturing process, re^lMt!^ in (ess variance of 
the trip point due to process varfafforis. 

Sourcing 

If sourcing is an issue, Summit's "No Risk Design' will 
satisfy multiple sourcing requirements. By simply design- 
ing a circuit board as shown in Figure 3, the cfinsiSil wntl 
feature the S24xx2 as the primary source for the s^mM. 
This implementation takes full advantage of component 
cost savings and reliability enhancements. The second 
source will be the components that the Summit device 
replaces: a standard serial E^PROM and a stand-alone 
reset controller device. Only one minor software change 
might need to be made to ensure proper communication 
with the serial E^PROM device. If the replacement 
memory's A1 input is internally connected then the A1 bit 
of the I^C protocol will need to be changed from '0' to '1 '. 
This cfiange wiji match the softt^i^Feprotocol to the A1 pin 
M wtKftdwbi&tri^MEln^tiyt^^ reset Rr^. 

Summary 

The Summit S24xx2 offers users of 24xx serial E^PROMs 
a more efficient solution to their embedded control design, 
providing board space savings and cost savings. A more 
secure E^PRC^ memory func^on md a more precise 
reset control function will be attained due to the higher 
degree of device integration. Summit has also allowed for 
'design for procurement' considerations by giving this 
device family a pin-out compatible with industry standard 
1% serial E^PROMs. 
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Using Summit's S93662/S93663 Precision Reset Controller in 
Existing Designs 



Introduction 

Many existing embedded control systems utilize a 
Microwire E^PROM (93Cxx) for nonvolatile memory stor- 
age and a reset control device to provide a precision 
(active LOW) reset function for the microcontroller. 
Summit's S93663 Precision Reset Controller with 4K bits 
of E^PROM Memory offers a simple replacement for 
these two devices, providing tlie end user board space 
savings as well as cost savings, in addition, existing 
designs can be outfitted with tiie S93663 witli a minimum 
of redesign effort. The S93663 features botfi an active 
HIGH output (pin 7) and an active LOW reset output (pin 
6). For the purposes of this applications note, examples 
will relate to designs requiring an active LOW reset, 
although the contents of this note also apply to designs 
requiring active HiGH reset functionality. Figure 1 repre- 
sents a typical existing d^ign. 
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Figure 1 : Existing ISMrtgn Which Utilizes 93066 
and Standalone Reset Conlfoller 



Implementation 

The Summit S93663 device features a pinout compatible 
with the 93Cxx device (see Figure 2). The S93663 can 
now be inserted into the serial E^PROM socket with one 
minor afiai^,mmm 
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Figure 2: Pinout Comparison Between 93C66 and 

Summit S93662/936>: 



connection for the SYSTEM RESET signal to pin 6 of the 
Summit device (see Figure 3). This may also be accom- 
plished with a jumper wire to preclude revision of the 
circuit card. No software change is required. Since the 
S93663 provides the precision reset signal required by 
the microcontroller, the socket reserved for the stand- 
alone reset controller can now be left vacant (saving 
substantial cost). Board space savings can be realized by 
eliminating the reset controller socket altogether. 
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Figure 3: System Modified to Accept S83«i3 
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Organization Considerations and the S93662 

Most 93C66 devices on the market are internally orga- 
nized as x1 6. Some devices offerthie userthe ability to use 
tlie device with a x8 organization . These devices will have 
an additional function, ORG (Organization), which is an 
input found on pin 6. If this pin is used, the connection 
muift be refnoy@d tc) use the Summit device. If x8 organi- 
zaflcn ts l^qi^Ml t<e Summit S93@@2 should be used 
rather than the^3663. The i99«*flMi!^nm«flwti 
is identical. 

Use with Intel and Other Active HIGH Reset 
MicrocQntrpllWB 

Some microeonfuaiter products on the market, primarily 
Intel products, feature an active HIGH reset function 
rather than active LOW. The S93663 supplies comple- 
mentary RESET outputs. To implement the Summit de- 
vice in these systems, tie the system reset line to pin 7 
rather than pin 6. Any other devices in your system that 
may require an active LOW may be reset from the reset 
ou^ut found on pin 6. 

Watchdog Timers and the S93WD662/S93WD663 

Summit offers versions of the S93662 and S93663 that 

have an internal 1 .6 second (nominal) watchdog timer, 
the S93WD662 and S93WD663. These devices will as- 
sert the reset output pins for both low-voltage situations 
and watchdog time-outs. There are no hardware modifi- 
cations required to implement the S93WD66X devices 
and software changes are quite simple. 

The S93WD66X resets the watchdog timer whenever 
chip select, CS, is asserted. If an external stand-alone 
watchdog timer is being replaced, simply replace the 
existing watchdog timer service routine with a short rou- 
tine to toggle the CS pin. This is typically a two instruction 
routine, one instruction btto^tg €S MiH, #m nem re- 
tuming CS LOW. 



Performance Benefits 

The Summit S93663 offers users of Microwire 93Cxx 
serial E^PROMs a more efficient solution to their embed- 
ded control design, providing board space savings and 
cost savings. There are additional benefits that can be 
realized by using the S93663 solution. The Vcc sensing 
circuit, which is used for the reset control hinction, is now 
on the same piece of silicon as the E^PP^M rrMMy 
array. This allows the S93663 to effectively "shut down" 
the E^PROM array when Vcc drops below the reset 
threshold. This provides the user with a higher degree of 
protection against inadvertent writes and data corruption. 

Sourcing 

If sourcing is an issue, Summit's "No Rlsl< Design" will 
satisfy multiple sourcing requirements. By simply design- 
ing a circuit board as shown in Figure 3, the design will 
feature the S93663 as the primary source for the solution. 
This implementation takes full advantage of component 
cost savings and reliability enhancements. The second 
source will be the components that the Summit device 
replaces: a standard serial E2pROI\^ and a stand-eilone 
reset controller. No software changes are required since 
the memory interface is an industry standard. 

Summary 

The Summit S93663 offers users of 93Cxx serial 
E^PROMs a more efficient solution to their embedded 
control design, providing board space savings and cost 
savings. A more secure E^PROM memory function and a 
more precise reset control function are a result of llie 
higher degree of device integratton. Summit has also 
allowed for 'design for procuremenf considererijons by 
giving this device family a pinout compatible with industry 
standard Microwire serial E^PROMs. 

References 

Summit Microelectronics Application Note 3. Microwire 
Memories a nd Brownouts: Another Danger Zone 
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Eliminate Your Data Corruption Problems with Voltage Protected 
Serial E'PROMs 



Introduction 

Users of serial E^PROMs have often been faced with 
occasional instances of data corruption. The problem is 
usually not repeatable but happens often enough to make 
the determination that it is more than a fluke event. 
Indeed, once an understanding of the internal workings of 
the serial E^PROM is achieved, It Is easy to see how data 
corruption can occur from time to time. Summit Microelec- 
tronics, Inc. has published several applications notes 
discussing the causes of data corruption. ConsuH Appli- 
cations Note 001, "Preventing Data Corruption In 
E^PROM Memory Applications" for good general infor- 
mation. Users of I^C serial E^PROMs (24Cxx) should also 
consult Applications Note 002, "Data Corruption in I^C 
Serial E^PROMs", while users of Microwire serial 
E^PROMs (93Cxx) should consult Applications Note 003, 
"Microwire Memories and Brownouts: Another Danger 
Zone". The Summit family of Voltage Protected E^PROM 
devices offers the user a drop-in replacement to commod- 
ity serial E^PRQMs and wU) sUdiinate the problem of data 
corruption. 

Implementation 

The Summitfamily of Voltage Protected serial E^PROMs 
have been designed as 100% drop-in replacements for 
Industry standard serial E^PROMs. This is true for both 
hardware and software considerations. The table below 
shows which Summit Voltage Protected device r^aces 
which problem E^PROM. 
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Cross Reference from Unprotected Serial ^PIPM to 
Voltage Protected Serial E^PROIVI 

Virtually all data corruption in serial E^PROMs occurs in 
low-voltage situations, whether it is during a power-up or 
power-down cycle or a brownout situation, even when a 
separate reset controller is used with the microcontroller. 
The Summit Voltage Protected E^PROM will disable the 
internal write circuit to the memory array whenever the 
Vcc drops below Its lockout voltage, Vlock- The Summit 
device has an on-chip precision Vcc sense that estab- 
lishes Vlock just outside of the users Vcc operating 
range. The Voltage Protected device will remain In lock- 
out for approximately ISOmS after Vcc has stabilized 
above Vlock. This is applicable whether this is a power- 
up situation or a brownout situation. On power down, the 
device will lockout all writes when Vcc falls past the Vlock 
threshold and will remain locked for the remainder of the 
power down curve (<1V). In all cases, the device is still 
accessible for read operations but eill writes will be Ig- 
nored. 

Hardware Write Protection? 

Some standard serial E^PROMs utilize pin 7, normally 
unused, as a Write Protect pin. This provides adequate 
protection only when the device is used as an OTP and is 
not foolproof even then. When used in a normal system, 
the same conditions that cause Inadvertent writes to the 
serial E^PROM occur that effectively disables the Write 
Protect pin. In other words, the control of the Write 
Protection function becomes unreliable when Vcc drops 
out of the proper operating range. Hence, the device Is still 
susceptible to data corruption in all low voltage situations. 
The best hardware prevention is the internal hardware 
protection offered by the Summit Voltage Protected serial 
E^PROM, 

Summary 

Data corruption is a growing issue with standard serial 
E^PROMs due to the wide range of voltages at which they 
are designed to operate. Data corruption can prove very 
costly to both the manufacturers and users of the systems 
in which the situation occurs. Summit's Voltage Protected 
serial E^PROM family offers the user of serial E^PROMs 
an effective solution that will end data corruption prob- 
lems with no redesign. 
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Reset Signal Conditioning Enhances Operation of Modems, LAN NICs, 
and Other PC Add-in Cards 



Introduction 

Manufacturers of modems, network interface cards, and 
other PC add-in cards are faced with ttie daunting task of 
designing products wfiich must work around a very broad 
set of specifications. Thiese units must be able to operate 
reliably withi any machilne on the market, regardless of the 
manufacturer. Performance of these machines may vary 
greatly and have a great affect on the operation of the add- 
in card. One area where wide variance of performance 
has a potentially large Impact is the reset function pro- 
vided by the host machine. The timing and duration of this 
function coming to the card socl<et varies greatly and 
makes It difficult for the engineer to design a card which 
operates properly in all systems. New requirements such 
as hot-socketing exacerbate the situation by making the 
initial operating environment less predictable. Tfiis appli- 
cations note will show how adding a reset conditioning 
function to the add-in card using Summit's unique preci- 
sion reset control devices can increase system perfor- 
mance and reliability. 

Importance of Reset Control 

Reset control has long been a critical aspect of embedded 
control design and many semiconductor products have 
been introduced to perform this function reliably. Virtually 
every microcontroller design now utilizes an external 
precision reset control circuit. Upon power up, proper 
reset control ensures that the environment (power, exter- 
nal system, etc.) is stable before the microcontroller is 
allowed to perform its initialization routines. Failure to do 
this may result in unreliable operation or system lock-up. 
Also, the reset control function protects the system during 
power-down and supply voltage brown-out situations. A 
single bit being misinterpreted due to marginal thresholds 
could cause many problems, including the execution of 
unintended routines, potentially wreaking havoc in the 
overall system. Data corruption is also a common result of 
these situations. For these reasons, the use of discreet 
precision reset controllers has become a standard ele- 
rnent of embedded control design. Designers of PC add- 



in cards face these same issues plus more worrisome 
problems relating to the host interface. Insufficient reset 
from the host machine (and some platforms often give the 
card no reset at all) may cause the chipset processor to 
latch-up, a potentially catastrophic situationi 

Unfortunately for designers of PC add-in cards, reset 
devices have traditionally been designed for 
microcontroller environments where the system is closed 
and the reset function can be implemented by monitoring 

the supply voltage. Systems such as PC add-in cards, 
which are part of a larger system over which the engineer 
usually has no control, must also consider external sig- 
nals, impulses, and conditions. The most important of 
these is the system reset signal. This leaves most semi- 
conductor reset control devices lacking in their ability to 
perform adequately in the add-in card environment. This 
problem is exacerbated by the fact that reset control 
functionality is seldom included in reference designs 
provided by chipset manufacturers. This puts the de- 
signer in a position of incorporating additional, unfamiliar 
devices to his system (especially painful for PCMCIA 
designs) which add complexity and cost. 

Summit Microelectronics, Inc. has introduced a family of 
precision reset controllers with advanced features that 
provide a good fit to the PC add-in card environment. 
Moreover, these devices allow the user to add reset 
control functionality without adding a single component to 
the design! Summit's ability to add memory to the reset 
device provides the user a means to replace the serial 
E^PROM (typically specified by the chipset manufacturer 
in the reference design) and also provide a reset control 
function. 

Adding Reset Control 

The incorporation of the Summit reset control device into 
the PC add-in card is quite simple. The system reset 
signal (RST) coming from the edge-connector is active 
high and is buffered on the board, usually by an inverter 
(see Figure 1). Instead of using this buffered input as the 
card's 
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F||Uite 1: E:datli^| Reset Scheme for Rockwell Modem Chipset 



It Is now used as an Input to the Summit 
device. The Summit device features bi-directional reset 
pins allowing the system reset signal to be used as an 
Input to the Summit device (see Figure 2). Upon receiving 
a reset signal from the host system, the Summit device will 
assert the reset outputs and hold the reset state until a) the 
reset signal input is unasserted, or b) the tpuRST timeout 
period expires (130mS min), whichever period is longer . 
This is a critical aspect of the design. The pulse width of 
the incoming system reset signal varies greatly from 
machine to machine. Some PC platforms give the card 
slot a very short reset pulse, a pulse that is not long 
enough to ensure a reliable reset function for the 



chlpset(s). In this case, the Summit precision reset con- 
troller is now acting as a reset signal conditionert pro«^^- 
Ing the chipset with an accurate arid renatile r^tt^Q^. 
This will eliminate Issues related to platform variances ctf 
the reset signal and, more important, give the card de- 
signer control over this function. The Summit device will 
also act as a supply voltage monitor, ensuring that the 
chipset is operating in a stable environment. When Vcc 
drops below the threshold voltage, Vtrip, the Summit 
device will assert reset until Vcc stabilizes for a period no 
less than tpunsT. Summit Microelectronics, Inc. offers 
devices with a variety of Vtrip settings and a Ul^p^ 
process allows for user-specified trip points. 
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Multiple Reset Requirements 

Some designs may have multiple devices requiring reset, 
such as a PCMCIA card with both LAN NIC and modem 
capabilities. Both the Ethernet chipset and the modem 
chipset require reset signals. The characteristics are not 
always identical. Some devices require active high reset 
signals while others require active low. Summit's devices 
feature complementary reset outputs that resolve this 
problem. When the Summit device receives the system 
reset pulse, both the reset line used as the input and the 
complementary reset line will be asserted and will stay 
asserted as described earlier. This scheme also elimi- 
nates the need to invert the incoming reset signal as an 
active high reset input will be connected to RESET pin 
(active high) of the Summit device and an active low reset 
Input will be connected to the RESET BAR pin (active 
low). 

Figure 3 shows how the Summit device can be incorpo- 
rated into a LAN NIC/modem design that incorporates 
multiple chipsets. The example shows the SMC 91C95 
Ethernet controller, requiring an acBve high reset, and the 
Rockwell R6741 modem controller which requires an 
active low reset. Note that if it were convenient for the 
incoming system reset signal to not be Inverted, the 
connection could be made to the RESET I/O on pin 7 of 
the Summit S24022. Both the Ethernet controller and the 
modem controller will be reset in the same manner. Any 
additional devices in the circuit, such as an I/O controller, 
speech CODEC processor device (for DSVD), Plug-and- 
Play controller, etc. that require reset inputs for reliable 
operatioh will have access to a reset signal of the desired 
polarity. 



It should be noted here that the S24022 device is used in 
this example as it replaces a serial E^PROM device used 
by the Rockwell modem chipset. The same result can be 
achieved by using the S93663 device and replacing the 
serial E^PROM used by the SMC Ethernet controller. The 
performance of the reset function is independent of the 
memory array and interface logic and the user will not see 
a difference between the two methods. 

Hot Socketing 

Until recently, it was required of PC users to tum the power 
off to a socket prior to insertion of a new card. Failure to 

do so could have caused the card to operate in an 
unpredictable manner or possibly do permanent damage 
to the circuits on the card. This is no longer the case as 
hot-socketing capabilities are now the norm. This means 
that the PC add-in card manufacturer must design a circuit 
that will initialize properly and operate without the benefit 
of a reset signal from the host. The Summit precision reset 
controller offers an ideal solution for this situation. 

When the card is inserted into the powered socket, the 
supply voltage will fluctuate wildly due to contact bounce 
and loading characteristics. This fluctuation may cause 
the chipset processor to come up in an unknown state, at 
which point, an external reset must be generated to 
recover. If the Summit device is used, the system will be 
held In a reset state until Vcc is stabilized and the 
processor is allowed to initialize under nomnal conditions. 
The Summit device vi^ll assertthe reset lines until Vcc has 
stabilized. 
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Figure 3: Design Requiring Multiple Resets of Opposite Polarities 
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ImpteinentaUQn 

The SaMnit pNsKMon reaeA control device can be incor- 
porated into a typical PC add-in card design without 
adding a single component. Any modem design or NIC 

design (and most PC add-in cards in general) will utilize 
a small serial E^PROM to store set-up data, configuration 
data, address data, identification data, and possibly some 
user-defined parameters. This device will interface to tfie 
chipset via one of two industry standard serial busses, i^C 
(two-wire) or Microwire (4-wire). The chipset 
manufacturer's reference design will call out which inter- 
face and what density is required. 

Summit's precision reset controllers are unique in that the 
E^PROM memory array has been incorporated into the 
silicon. Summit offers these devices with both I^C 
(S24xx2) and l\4icrowire (S9366x) interfaces so that It 
becomes a drop-in replacement for the serial E^PROM. 
%e unused pins of the serial E^PROM device are used to 
provide the reset l/O's. Table 1 shows which Summit 
Microelectronics device should be used given the serial 
E^PROM called out in the reference design. The software 
used to communicate with the generic E^PROM is 100% 
compatible with the Summit device. For more information 
regarding the drop-in compatibility of the Summit device 
with the serial E^PROM, consult Summit Application Note 
005, "Using Summit's S24xx2 Precision Reset Controller 
in Existing Designs" for I^C interfaces or Summit Applica- 
tion Note 006, "Using Summit's S93662/S93663 Preci- 
sion Reset Controller In ^HMf iiii#^ifer Microwire 
interfaces. 

Because the Summit device drops into an existing socket, 
no additional components are required. This is an impor- 
tant consideration for any design and is paramount in 
PCMCIA card design. In fact, incorporation of the Summit 
device may allow the designer to eliminate an inverter or 
discrete ctowtees toMHty used for signal conditioning, 
saving board spn£»a«id asseGiated ee»t 
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1 : Cross Reference from Serial E^PROM to 
Summit Reset Controller Device 



Additional Benefits of Summit Solution 

The integration aspect of the Summit device offers addi- 
tional benefits that are very important to the overall 
reliability and performance of the system. Stand-alone 
serial E^PROMs are inherently susceptible to data cor- 
ruption, especially during brown-out (low Vcc) situations, 
power-up sequences, and power-down sequences. The 
Summit device features an internal lock-out feature that 
shuts down the write capabilities of the chip when the 
system is in reset. This protects the E^ memory array from 
data corruption much more effectively than external write 
control pins. Data corruption can be, at best, a nuisance 
to the user, and at worst, catastrophic. Elimination of even 
small incidents of data corruption can save considerable 
cost at all points of the product life cyde. 

Summary 

The Summit precision reset controller family offers the 
designer of modems, NICs, and other PC add-in cards a 
cost-effective method of increasing the performance of 
their design and increasing the relii^ity of operation. 
This will result in fewer production m^m!^ and fewer 
product returns. Also, the Summit soiirtfon aliows the 
designer a higher level of immunity from the wide vari- 
ances in PC platforms. This allows for a reduced evalua- 
tion and debug time which result in a fastertime to market. 
The design-in is virtually invisiisle since the Summit part 
replaces an eiMfi '^Mm WMch is 100% software 
compatible. 
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Using the S39421 as the Primary Control Circuit 
on aVME Live insertion Card 



High availability is a key feature of many types of systems 
today. Whether the system is a central office switch, a 
private branch exchange or a server it is important the 
system stay up and running while adding new services 
(add-in cards) or replacing faulty boards. Therefore, a 
means for inserting and removing cards while the entire 
system is povvered-on (live) is a necessity. 

Live insertion poses a number of challenges for the add- 
in card designer. For live insertion to be trouble free we 

first need to prevent damage to components on the add- 
in card due to improper supply sequencing. Secondly, 
voltage drop on the system power busses must be pre- 
vented in order to avoid unwanted system reset condition . 
Lastly, the integrity of the system's signals needs to be 
maintained when additional circuitry is connected to the 
bus. 

Based upon the proposed Live Insertion System Require- 
ments the S39421 is an ideal candidate as the add-in 
card's live insertion controller. 

Sequencing the Voltages 

The proposed live insertion specification^ outlines 26 
operational steps during the insertion of a card. These are 
brolcen down into two major categories; the "Insertion 
Process" and the Typical Board Recognition Process." 

The first 6 steps have to do with the insertion of the card 
and sequencing the discharge of any voltage potentials 
so that by the time the board is ready to make contact with 
the backplane no ESD discharges will occur. Even though 
the balance of the actions tend to overlap tfiey can be 
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viewed as two operations: the add-in card/backend logic 
sequencing and the backplane/add-in card interface se- 
quencing. 

Add-in Card/Backend Logic Sequencing 

Tlw process of electrical insertion tiegins with the contact 
of special ground and voltage pins. These are longer than 
the signal and power pins and they are physically located 

at opposite ends of the connector. The voltage pins are 
labeled Vpc (pre-charge Voltage), this is the backplane's 
5 volt supply and the intent is for this voltage to be used 
to power the sequencing circuitry, any ASICs that inter- 
face to the bus and to pre-charge the 'buS'Sidef tf^flWhe 
signal transceivers. 

The PC board should be laid out so that ground is routed 
to all circuits, i.e. grounds should not be linked via the PCB 
connector. Vpc should be tied directly to the VCC5 pin on 
the S39421 and the device will immediatel y begin driving 
its backend circuit control signals [SGNL_VLD, 
CARD_V_VLD, RESET and RESET] and it will place the 
voltage ra mp control signals [VGATE3, VGATE5 and 
DRVREN] in the off slate. 

The next step is for the controller to recognize that the 
board is properly seated in the connector. VME has an 
optional feature that lends itself ideally to this step of the 
operation; the ejector handles can be used to activate a 
switch when they are fully rotated and locked. Switch 
closure can be used as the PND1 and PND2 inputs on the 
8^421 . The pull-up resistor used for this implementation 
must be tied to Vpc because the backend .voltagas vidl not 
yet have been switched on by the 839421 . 



Vpc 



[I- 



PNDi 



CM 

tn 

m 



Ej ector and Switch Open 
PNDI Pulled High 



Card Seated Ejector Locked 
and PNDI Driven to Gnd 



Figure 1 : lllustraHon of Card ln|actor/E]e^or Switeli Circuit 
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The boaid's pins should now be mated witti the backplane 
connectdf^ which fn turn will bring the host LI/I* and 
RESET* signals to the S39421 . These signals sho uld be 
tied to the device's HST_PWR and HST_RST Inputs 
respectively. Whenever HST_PWR is low the outputs 
controlling the backend power on sequencing will be 
Inhibited; It does not Impact the reset outputs or reset 
timer. When low, the HST_RST input will force the reset 
outputs active; once it is released the reset timer will be 
started and it will keep the reset outputs active for tpuRST- 



At the same time the signal pins are making contact, the 
backend voltages are applied to the card (3.3V, 5V, +1 2V 
and -12V on short pins), but, they are blocked by FETs 
underthecontroloftheS39421 (see figures). Depending 
upon the state of the VSEL pin, the S39421 will monitor 
either the bussed +5V only, the bussed +3.3V only or both 
the bussed +5V and +3.3V. Once the S39421 has deter- 
mined these supply voltages are at or above Vtrip, (and LI/ 
r has released HST_PWR) it will release the VGATE 
outputs and effectively turn them on at a rate equivalent 
to 250V/second. At the same time It will force DRVREN 
Stcjiyf thyp providing pPW@f to the backend circuits. 



Vpo 



1^ 



RESET 



Ll/C 



Gnd 



Vpc 



HST_RST 



SGNLVLD 
S39421 



VCC5 PND1 
HST_PWR 
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Figure 3: Backend Voltage Control Circuit 



The S39421 will now begin monitoring the backend circuit 
voltages and when they are at or above Vtrip the reset 

timer will be released to begin the time out period and 
CARD_V_VLD will be released. After tPUR ST has ex- 

pired, the reset outputs will be releas ed and SGNL^VLD 
will be driven active. The SGNL_VLD signal can be tied to 
the host LI/0* signal pin to indicate the card has been fully 
powered, cleanly reset and is ready for action. 

Backplane/Add-in Card Sequencing 

A more complicated problem than the sequencing shown 
above is the signal bus intertece. Inserting unpowered 

circuits or^ ttie ^nal bus could lead to a situation of 
damaging ccmponents and much more likely disrupting 
the signals on the backplane. This will Involve a rigorous 
evaluation and selection process by the design engineer 
to determine the best solution for the individual applica- 
tion. However, we can examine a product family that 
should resolve most of the issues the designer might 
encounter. The proposed VME Live Insertion spec actu- 



ally helps us narrow this down quickly by recommending 
the use of ABTE logic. This is available from at least two 

large manufacturers of semicondu^as* 

Avoidance of Bus Conflicts 

Bus conflicts arise when two or more interface circuits 
attempt to drive the bus simultaneously with one circuit 
driving high and the other driving low. The devk» trying to 

drive low will most likely not Incur damage. But the device 
trying to drive high will be dropping SVolts on its output at 
up to 120mA current. Even for very short periods of time 
the high temperatures this will generate can eitherdestroy 
the device or adversely affect the long-term reliability of 
the device. The best solution is to insure the transceiver's 
enable input is actively driven before the transceiver is 
powered-on. Using one of the reset outputs (as shown in 
figure 4) as a gating signal to a single enable input style 
transceiver is one solution. With a dual enable transceiver 
one of the reset outputs can be tied directly to appropriate 
enable Input. 
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Pre-bias 

The switching capacitance of the individual signal lines at 
the interface must be charged to the Instantaneous volt- 
agiron the corresponding bus line. These cun-ents distort 
the signal that is being transmitted at that Instant. To 
address this issue the proposed VME Live Insertion Spec 
states: "All VME system drivers and receivers SHALL be 
pre-blased to 1.7 =/-0.2 Vdc with a resistive network 
powered by the pre-charge +5V. . . before the board signal 
pins contact the backplane VI\/1E64 bus connector(s)." 
The ABTE logic addresses this Issue head-on by provid- 
ing a separate VCCBias pin that is internally connected to 
a ff»i^>m§» itBistor network. 

CAPH) Rnoieniu. 

A clean transition for card removal can be performed 
either by the opening of the injector/ejector levers which 
In turn opens the switches that force the PND Inputs to 
ground or by the host driving LI/I* low. Both actions will tell 
the S39421 to disable the high side drivers and force the 
reset ou^uts active. 

RECAP 

As the board is first inserted Into the backplane voltage 
potentials sn afe shunted to ground thru the use of various 
bleed reslstois physical contact with the chassis 
frame. These are make then break processes so ^at by 



the time the card is ready to make contact with the 
backplane connector the board is electrically isoiaiiecf 

from the frame. 

The first pins of the connector to make contact with the 
backplane are ground and Vpc (pre-charge VCC). Vpc 
should be tied directly to the S39421 and the transceiver 
BlasVcc Input. Once the S39421 detects the presence of 
Vpc It will begin driving the reset outputs active, shut off all 
the control signals to the power FETs and begin driving 
the Ll/O* low. The Inje ctor/e jector levers will close the 
switches grounding the PND inputs allowing the S39421 
to check the state of the VSEL pin and determine what bus 
voltages should be monitored. If the bus voltages are at 
or greater than Vtrip AND LI/I* has been released the 
S39421 will turn on th e high side driver outputs VGATE3 
and VGATE5 and the DRVREN output. 

The voltages to the backend logic are applied with a 
nominal slew rate of VGATE3 and VGATE5 set at 250V/ 
sec. The backend voltages should also be fed back to the 
S39421 and as soon as they are at or above their VtrIp 
level, the CARD_V_VLD will be released. If the host has 
released its RESET Input and LI/I* Input, the S39421 will 
release the timer for Its reset circuit. After tPURST the 
reset output s to the backend logic will be released and the 
SGNL_VLD output will be driven active [backplane signal 
Ll/O]. This Is the final ^ep in activating a board for live 
Insertion. 
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Appendix A 

MOSFETs suitable tot tMii'lM Ibe 8^421 Ho^Swap Gontroller 

N-Channel MOSFETs 



Mar-98 



Part Number 



Manufacturer V(BR)dss 



RDS(on) @ Vgs=10V Id cont. 



Package 



IRF7603 
IRF7413 



Int. Rectifier 
Int. Rectifier 



30V 
30V 



35 milliolims max 
1 1 nnilliohms max 



4.5A 
9.2A 



MlcrD-8 
SO-8 



MI4412 
MI4410 



MagePOWER 
MagePOWER 



30V 
30V 



28 milliohms max 
12 milliohms max 



7A 
7A 



SO-8 
SO-8 



MTSF3N03HD 
IMF7N03HD 
MTD20N03HDL2 



Motorola 
Motorola 
Motorola 



30V 
30V 
30V 



40 milliohms max 
28 milliohms max 
35 milliohms tm* 



3A 
8A 



Micro-8 

s6-8 

DPAK 



Si6434DQ 
Si64100Q 

Si44160Y 



Temic 
Temic 
Temic 
Temic 



30V 
30V 
30V 
30V 



28 milliohms max 
14 milliohms max 
28 milliohms max 
18 milliohms max 



5.6A 
7.8A 
7A 



TSSOP-8 
TSSOP-8 
SO-8 
SO-8 



P-Channel MOSFETs 



Part Numtm 



Manufacturer 



[on)@VGs=10V lfq(»)t Package 



IRF7606 
IRF7416 



Int. Rectifier 
Int. Rectifier 



-30V 
.30V 



90 milliohms max 
20 milliohms max 



2.9A 
7.1A 



IVlicro-8 
SO-8 



Mi4431 DY 
Mi4435DY 



MagePOWER 
MagePOWER 



-30V 
-30V 



40 milliohms max 
20 milliohms max 



5.8A 
8A 



SO-8 
SO-8 



MTSF2P03HD 
MMSF3P02HD 
MTD20P03HDL2 



Motorola 
Motorola 
Motorola 



-30V 
-20V 
-30V 



90 milliohms max 
75 milliohms max 
83 ifiMiiAs max 



2.4A 
ISA 



Micro-8 
SO-8 
DPAK 



Si6415DQ 
Si4431DY 
®4435DY 



Temic 
Temic 
Temic 
Temic 



-30V 
-30V 
-30V 



90 milliohms max 
19 milliohms max 
40 milliohms max 
ZOmitllcMffimiK 



4.5A 
6.5A 
5.8A 
8A 



TSSOP-8 
TSSOP-8 
SO-8 
SO-8 



VITA Standards Organization, November 1997, VME64x Live Insertion System Requirements Drsa &andard 

Summit Microelectronics, Inc. S39421 Data Sheet 

Texas Instruments Application Note SDYA012, October 1996, Live Insertion 
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Using Summit Reset Controilers in l\/lulti-iy/licrocontroller Systems 



Introduction 

In many systems today, the control algorithm is divided 
among more than one microcontroller. This distributed 
processing approach provides greater overall processing 
bandwidth as well as a modularization of the design for 
various versions of the end product. I n these systems care 
must be tal<en to insure that all microcontrollers in the 
system are properly reset during power-up, power-down 
and brownout conditions; especially in systems which 
utilize a nonvolatile memory such as a serial E^PROIVI. in 
addition to insuring that the individual microcontrollers are 
reset properly, the microcontrollers must also be synchro- 
nized to insure proper operation. This application note will 
outline the utilization of the SUMIVIIT S24042 Precision 
Reset Controller and nonvolatile memory in a dual IVICU 
television chassis. 

Requirements 

In many television chassis today, a separate MCU is used 
to control the on-screen display for control of the television 
parameters through the use of user-friendly menus. This 
MCU is often referred to as the On Screen Display 
processor or OSD MCU. 

The main MCU in the television controls the operation of 

the tuner, display and user interface and is often referred 
to as the Master MCU, since it can control all other circuitry 
in the television Including the OSD MCU. The Master 
MCU uses an i^C serial E^PROM to store various user 

. Vcc 



and factory programmed setup parameters including 
those controlled through the menusdispiayed by the OSD 

MCU. 

During power up, both MCUs must be reset and it is often 
desirable that the Master CPU is released from the reset 
after the supply voltages are stable, but before the OSD 

MCU is released from reset. In addition to this, the Master 
MCU must be able to generate a reset condition to the 
OSD MCU via software control, and once this condition is 
triggered, the OSD MCU must be held in the reset state for 
the proscribed interval. During power-down, both MCUs 
should be held in reset as soon as Vcc drops below the 
operational voltage of the chassis; and, during a brown- 
out situation, both CPUs will need to be reset and re- 
synchronized. During a brown-out situation, it is impera- 
tive that the Vcc sensor used to generate the RESET 
signals to the MCUs is the same, in order to prevent a 
situation where one MCU might get reseiwWe ttie @ttier 
does not. 

implementation 

Rgure 1 [on the following page] shows a solution to this 
muiti-MCU design. The S24042 precision reset controller 
is connected directly to the RESET input of the master 
microcontroller. The I^C interface from the S24042 is also 

tied to two I/O ports of the master microcontroller. The 
S24042 RESET and RESET outputs will be active on 
power'^p as soon as Vcc is above 1 .0 volta, 



S24042 
RESET 

H RESET 

SCL 
SDA 



RESET 

HOST 
MCU 
I/O 



OSD 
MCU 



RESET 




Figure 1. MulthMCU Reset Circuit Soiution 
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The S24042 will hold RESET low until Vcc reaches the 
reset controller trip point of 4.4 volts. An internal timerthen 
taa^alilinffilte A^st interval of tpuRST which is typically 
iWtmm. -^IStWt Vme has elapsed, the Master MCU 



will be released from the Reset state. IF Vcc drops below 
the reset trip point for longer than 50 nsec, the S24042 will 
again assert the reset signal. Figure 2 shows the output of 
the S24042 Reset Controller at the various supply condi- 
tions. 
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The slave MCU's reset signal is further delayed by the 
capacitor on the reset line. This capacitor and Its related 
pull-up resistor should be chosen to Insure that the RC 
time constant will give the adequate reset pulse tinte for 
the slave MCU. Reset signals for the slave which are 
generated by the S24042 reset controller will have a 
duration of tpuRST + the rise time of the RC network. 

The Host MCU resets the slave MCU by driving the I/O line 
low. Once the I/O line is released, the capacitor will time 
out a reset Interval based upon the RC time constant. 
Care should be taken to insure that the I/O controlling the 



reset line is driven low long enough to discharge the 
capacitor, and in no case should this I/O should be 
configured to output a High logic level. Rather, to de- 
assert the reset, this I/O should be left In high Impedance 

state or configured as an input, see Figure 3 below. 

During a brown-out situation, the S24042 will drive the 
master reset line low for 1 20 msec to insure that the timing 
capacitor is fully discharged. Once the master reset line is 
driven high, the timing capacitor will generate the proper 
reset timing for the slave MCU. 




Host MCU 
I/O Output 



OSD RESET 
Input 



Rgure 3. Delay Reset Timing to the OSD MCU 



10-31 



301(H)1«2«BB 



301(M)1 4/24/98 

10-32 



I^SUMMIT 

L I MICROELECTRONICS, Inc. 



A Comparison of Reset Control Methods 



Application Note 11 



IntroducHon 

There are a wide variety of devices on the market that can 
be used to provide the reset control function for 

microcontrollers and chipset processors. As with any 
other functional block In a system, the traditional Inverse 
relationship of functionality versus cost has applied. In 
situations such as this, designers have been faced with 
choosing a circuit that provided a minimum of protection 
to incur a minimum of cost. This has proved to be a difficult 
task as the type of problems that the reset control function 
protects against are intennlttent and are influenced by a 
myriad of unpredictable conditions. Summit has ap- 
proached this problem by Integration, resulting In devices 
featuring a robust reset control function with features 
sufficient to resolve most Issues designers face while 
remaining a low-cost solution. This application note will 
tal<e a look at what features are Important to reset control 
and why and provide a comparison between the Summit 
reset control device and other solutions available to the 
designer. 



Feature Comparison 

The following table lists the most common solutions to the 
microprocessor reset control function and afompartson 
of features. 

Vcc Sensing 

This is the actual monitoring of the Vcc and is vital to 
insure reliable system operation In brown-out situations 
and during the power-down cycle. Any of the active 
solutions mentioned herein will provide Vcc sensing. 
Using an RC network to provide the reset control function 
does not provide Vcc sensing and is only reliable when 
the power-up ramp Is relatively slow and clean. This 
method offers no protection against transients or noise 
and leaves the system susceptible In brown-out and 
power down situations. This method is not recommended 
for reset control under any circumstances. §mB Rpjre 1 
for full reset control functionality. 
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Table 1: Comparison of Common Resrt Control Options 
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Reset Valid <1V 

The ability of the reset control functional block to guaran- 
tee a valid reset signal lower than 1 volt is important to the 
overall system operation and Integrity. The various de- 
vices In a given system will be operable to voltages mucii 
lower tiian specified. Problems occur when a 
microcontroller, or other device relying on the system 
reset function, Is running but the voltage levels are not 
sufficient to determine HIGH and LOW states reliably. 
This can result in errant op-code fetches, jumps to incor- 
rect locations, the storage of incorrect data, etc. If incor- 
rect data is written to a nonvolatile memory such as a 
serial E^PROM, which are capable of accepting writes to 
voltages as low as 1 .5V, the damage inflicted cannot be 
recovered by a subsequent reset cycle or power cycle. 
The correct data losli 

The active solutions to reset control will feature a reliable 
reset to below IV. Once again, the RC network solution 
does not and should be considered tOQ hi^ a risKto use 
in good microcontroller design. 



Reset Pulse Timing 

Once reset is detected, the reset control function asserts 
a reset signal on the output. A voltage detector solution 
will only assert the reset as long as the Vcc is below the 
threshold voltage and will unassert the reset signal imme- 
diately upon Vcc reaching the threshold voltage. In 
power-up and power-down situations, the Vcc ramp may 
not be linear. In brownout situations, the Vcc level may 
waver and criss-cross the threshold repeatedly. The reset 
output of the voltage detector solution will oscillate in 
these situations. This will also happen in systems when a 
mechanical power switch is used where switch bounce 
upon power-up causes dramatic swings in the Vcc level 
before It stabilizes. These oscillations, or bounces, of the 
reset output are potentially hazardous. The 
microcontroller might lock-up and require a manual reset 
of the system or, worse yet, may latch-up causing pemna- 
nent damage. The reset signal should be (ong enough to 
ensure that the condition requiring reset is cleared and 
long-enough that the microcontroller can respond reliably 
to the input. 
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Reset Valid on Power-Down 

Many of the failure modes that proper reset control 
protects against are of a permanent nature, such as 
corruption of nonvolatile memory, which are especially 
susceptible at power-down. Without proper power-down 
protection, the system allows Vcc to decay to zero and the 
microcontroller is allowed to run freely until it is no longer 
capable of clocking itself internally. There is a range of 
Vex; where ttie microcontroller will still be able to process 
information but the data it reads, including op-code 
fetches, may be misinterpreted due to ambiguous levels. 
This is one of the primary causes of data corruption in 
nonvolatile memories such as serial E^PROMs. Any 
active solution of reset control will provide this protection 
but an RC network solution will not. 

External Reset 

Some applications require system reset from more than 
one source. For example, a system software signal may 
be provided to generate a local card reset, or, a mechani- 
cal reset button that a user can depress to cause a master 
reset may need to be implemented. The only clean and 
reliable way to implement this is with active reset control 
devices. The ability to tie these all together can be found 
on a few of the active reset control devices. The Summit 
device RESET lines are bi-directional and can accept a 
reset Input (see Figure 2). 

External Reset Filtering 

The reset pulse generated by a reset controller in a low- 
voltage condition is very reliable. External reset signals, 
however, can be unreliable and the designer often has 
little control over their characteristics. Designers of PC 
add-in cards must design circuits that react to reset pulses 
originating from the ISA bus which may be a few nanosec- 
onds in width (see App Note 008, "Reset Signal Condition- 
ing Enhances Operation of Modems, LAN NICs, and 



Other PC Add-in Cards"). Reset signals originating from 

an external RESET button are usually quite long but are 
initially unstable due to switch bounce. Very short reset 
signals or bounces in the reset signal may cause the 
microcontroller to locl<-up or even latch-up (see Figure 3). 

Where there is a requirement for combining low-voltage 
reset with an external reset, the Summit reset control 
provides filtering for the incoming signal. A short incoming 
reset pulse (<40nS) will trigger the reset output of the 
device with identical timing as if the reset originated from 
a low voltage condition. The Summit reset control function 
provides a debounce function to the switch reset input and 
gives reliable system reset signal, preventing latch-up. 
The more rudimentary forms of reset control, such as 
voltage detectors and RC networks, do not provide reset 
filtering, nor do the other stand-alone reset ^ffiirtc^ and 
supervisory circuits on the market. 

Brown-out Protection 

Many methods of reset control are capable of generating 
a reset signal upon power-up and power-down but not all 
methods provide protection in brown-out situations where 
the Vcc dips just below the proper operating threshold. 
This condition may cause unreliable system operation. 
Problems may occur due to misinterpretation of an op- 
code or a memory location by the microcontroller resulting 
in the unintentional execution of random modules or the 
writing of incorrect data. Overall system operation be- 
comes unreliable and unpredictable and this is a signifi- 
cant cause of data corruption in nonvolatile memory. In 
addition, other devices in the system may not operate 
properly outside the recommended range of Vcc. Only 
active devices designed for reset control have brown-out 
protection. Use of RC networks and voltage detectors 
leave the designer at risk in these unpredictable situa- 
tions. 
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Rgure 2: External Reset Utilizing Summit's Bi-Dire^onal Reset Line 
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Figures: Reset Filtering 



Tri-State Protection 

This is perliaps one of the most important aspects of reset 
control. When a microcontroller is put into a reset condi- 
tion, the port pins go are tri-stated. Control lines to 
peripheral devices are therefore left floating and are much 
more susceptible to noise and transients coupling onto 
them. One of the most common causes of data corruption 
in serial E^PROMs, especially MIcrowire (93Cxx) de- 
vices, occurs in this tri-stated condition. For further de- 
tails, see Application Note 003, "MIcrowire Memories and 
Brownouts: Another Danger Zone". Good reset control is 
essential for protecting nonvolatile memories. In these 
situations however, it is not enough. The only foolproof 
way to prevent this type of data corruption is to have the 
reset control function directly shut down the E^PROM 
memory array. This can only be accomplished by incorpo- 
rating both functions on the same silicon. Summit's reset 
control family are the only products capable of providing 
this critical protection against data corruption. 



Summary 

Good reset control design is essential to ensure proper 
operation of an embedded control system. "Cheap and 
dirty" solutions leave the designer susceptible to numer- 
ous potential hazards, many of which are unpredictable 
and may only manifest themselves in the field rather than 
the lab. Still, conventional reset controller devices, or 
supervisory circuits, do not provide complete protection 
for the nonvolatile memories in the system. Summit's 
unique solution if incorporating both reset control with 
serial E^PROM eliminates a// causes of low^vOKage <^i& 
corruption. Conventional reset controllers are also inad- 
equate for "multiple reset" applications where the nature 
of the reset is inconsistent (such as ISA cards). Summif s 
unique Reset Filtering characteristics provide the 
microcontroller with a reliable reset, preventing system 
lock-up and controller latch-up. The traditional inverse 
relationship of cost vs. features is defeated as Summit's 
considerable degree of added protection is often less 
expensive than the ottier methods of implementing reset 
control. 
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Introduction 

Designers of embedded control systems regularly take 
advantage of the benefits offered by Summit's Precision 
Reset Controllerfamlly as reset control is a necessary and 
Important element of reliable microcontroller design. The 
overall function of the reset control, or supervisory circuit, 
and the serial E^PROM memory are understood and the 
improvements offered by the Summit device are sum- 
marily recognized. This recognition does not come quite 
as easily to engineers who design with chipsets rather 
than common microcontrollers. This applications note will 
explain how using the Summit S24022 Precision Reset 
Controller can enharrce modem designs based on the Tl 
X2 chipset. 

X2 Requirements 

The X2 chipset processor requires an extemal precision 
reset control device, or supervisory circuit, to provide a 

reliable reset signal to the chipset processor. This insures 
proper modem operation by 1) controlling the critical 
voltage conditions on power up, 2) protecting the system 
from improper operation during brown-out situations, and 
3) allowing the modem to power-down in a controlled 
manner. Of all these functions, the power-up aspect is 
probably the most critical to modem designers. 

Reset control has long been a critical aspect of embedded 
control design and many semiconductor products have 
been introduced to perform this function reliably. Virtually 
every microcontroller design now utilizes an external 
precision reset control circuit. Upon power up, proper 
reset control ensures that the environment (power, exter- 
nal system, etc.) is stable before the microcontroller is 
allowed to perform its initialization routines. Failure to do 
this may result in unreliable operation or system lock-up. 
The reset control function also protects the system during 
power-down and supply voltage brown-out situations. A 
single bit misinterpreted due to marginal thresholds could 
cause many problems, including unintended jumps to 
executable routines, potentially wreaking havoc in the 
overall system. Data corruption of the nonvolatile memory 
(93C66 serial E^PROM for X2 designs) is also a common 
result of these situations. For these reasons, the use of 
discreet precision reset controllers has become a stan- 
dard element of embedded control design. 



Designers of PC add-in cards face these same issues 
plus more worrisome problems relating to the host inter- 
face. Inadequate reset from the host machine (and some 
platforms often give the card no detectable reset at all) 
may cause the chipset processor to latch-up, a potentially 
catastrophic situation! In addition, the slew rate of Vcc 
upon system power-up can vary greatly from platform to 
platform, from machine to machine within a given plat- 
form, and can vary significantly within the same machine. 
Glitches or perturbations in the Vcc, particularly in the 
range of the chipset processors operating threshold can 
potentially lock-up the processor or, much worse, cause 
device latch-up. It is for these reasons that the reset 
control function is required for X2 modem designs. 

Unfortunately, reset devices have traditionally been de- 
signed for microcontroller environments where the sys- 
tem is closed and the reset function can be implemented 
by monitoring the supply voltage. Systems such as PC 
add-in cards, which are part of a larger system over which 
the engineer usually has no control, must also consider 
external signals, impulses, and conditions. The most 
important of these is the system reset signal. This leaves 
most semiconductor reset control devices lacking in their 
ability to perform adequately in the add-in card environ- 
ment. 

Summit Microelectronics, Inc. has introduced a family of 
precision reset controllers with advanced features that 
provide a good fit to the PC add-in card environment. 
Moreover, these devices allow the user to improve reset 
control functionality while requiring fewer components! 
Summit's unique characteristic of incorporating 
trimmability in the reset circuitry allows the addition of 
industry standard memory to the device. Thssefiarate 
serial E^PROM can thus be eliminated from the «*cuit. 

Implementing the SUIVIMIT Device 
The incorporation of the Summit reset control device into 
the X2 modem design is quite simple. The X2 reference 
design published by Texas Instruments uses a Maxim 
809 reset controller and a 93C66 Microwire serial 
E^PROM. The connections are shown in Figure 1. 
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Figure 1: Existing Reset Scheme for X2 Chipset Processor 
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Figure 2: X2 System with Summit Device Providing Reset & Memory Functions 



The Summit reset controller features a very convenient 
pinout for this situation. Since the reset control function 
requires only one active pin, the device was given the 
industry standard pinout of the 93C66 serial E^PROM. 
The only difference is pin 7, whicli, though unused, is tied 
high in the reference design (some 93C66 suppliers 
require a high input to disable test modes, with others is 
is a No Connect). With the Summit S93663 Precision 
Reset Controller, this pin is the RESET output. The user 



can now replace the 93066 with the S93663 t}y changing 
one signal. Rather than tying pin 7 high, it is now tied to the 
Master Reset line (~MR) of tlie chipset processor. Since 
the S93663 now provides the reset function, the MAX809 
can be eliminated, saving cost and board space (see 
Figure 2). The protocol of the 893663 is identical to the 
93C66 SO this becomes an "invisible" change to the 
processor. 
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Additional Advantages: Reset Filtering 

To this point, we iiave discussed tine RESET pin of the 
Summit S93663 as an output. It is actually a bidirectional 
pin. The user can tie a reset input (from a manual reset 
button, for example) to the RESET pin and the S93663 will 
detect, filter, and act upon this input. This "reset filtering" 
capability gives the X2 modem designer increased reli- 
ability for free. 

The system reset signal (RST) coming from the edge- 
connector is active high and is buffered on the board, 
usually by an inverter. Instead of using this buffered input 
as the card's reset signal, it is now used as an input to the 
Summit 893663. Upon receiving a reset signal from the 
system reset, the Summit device will assert the reset 
outputs and hold the reset sta:te until a) the reset signal 
input is unasserted, or b) the tpuRST timeout period 
expires (1 30mS min), whichever period is longer . This is 
a critical aspect of the design. The pulse width of the 
incoming system reset signal varies greatly from machine 
to machine. Some PC platforms give the card slot a very 
short reset pulse, a pulse that is not long enough to ensure 
a reliable reset function for the chipset(s). In this case, the 
Summit precision reset controller is now acting as a reset 
signal conditioner, providing the chipset processor with 
an accurate and reliable reset pulse. This will eliminate 
issues related to platform variances of the reset signal 
and, more important, give the Qm4 designer control over 
this function. 

The Summit device will still act as the supply voltage 
monitor, ensuring that the chipset is operating in a stable 
environment. When Vcc drops below the threshold volt- 
age, Vtrip. for longer ttian 10nS, the Summit device will 
assert reset until Vcc stabilizes for a period no less than 
tpuRST. Summit Microelectronics, inc. offers devices with 
a variety of Vtrip settings and the unique "E^Analog" 
process allows for user-specified trip points. 



Additional Advantages: 

Multiple Reset Requirements 

Some designs may have multiple devices requiring reset, 
such as a PCMCIA card with both LAN NIC and modem 
capabilities. Both the Ethernet chipset and the X2 chipset 
require reset signals. The characteristics are not always 
identical. Some devices require active high reset signals 
while others require active low. The S93663 features 
complementary reset outputs that resolve this problem. 
When the Summit device receives the system reset pulse, 
both the reset line used as the input and the complemen- 
tary reset line will be asserted and will stay asserted as 
described earlier. This scheme also eliminates the need 
to invert the incoming reset signal as an active high reset 
input will be connected to active high RESET pin (pin 7) 
of the Summit device and an active low reset input will be 
connected to the active low RESET (pin 6). 

Figure 3 shows how the Summit device can be incorpo- 
rated into a LAN NIC/modem design that incorporates 
multiple chipsets. The example shows the Ethernet con- 
troller, requiring an active low reset, and the X2 modem 
controller which requires an active high reset. Note that if 
it were convenient for the incoming system reset signal to 
be inverted, the connection would be made the RESET 
BAR I/O on pin 6 of the Summit S93663 device. Both the 
Ethernet controller and the X2 modem controller will be 
reset in the same manner. Any additional devices in the 
circuit, such as an I/O controller, speech CODEC proces- 
sor device (for DSVD), Plug-and-Play controller, etc. that 
require reset Inputs for reliable operation will have access 
to a TBseA signal of the desired polarity. 
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Reliability EnhancenMRt: Prateetion Against Data 

Corruption 

The integration aspect of the Summit device offers addi- 
tional benefits that are very important to the overall 
relieiblllty and performance of the system. Stand-alone 
serial E^PROMs are inherently susceptible to data cor- 
ruption, especially In brown-out (low Vcc) situations, 
power-up sequences, and power-down sequences. The 
S93663 features an internal lock-out feature that shuts 
down the write capabilities of the on-board memory when 
the system is in reset. This protects the from data 
corruption, doing so much more effectively than external 
write control pins. Data corruption can be, at best, a 
nuisance to the user, and at worst, catastrophic to unit 
operation. Elimination of even small Incidents of data 
corruption can save considerable cost at all points of the 
product process. 



Summary 

Reliability Enhancements 

• More Precise Reset Threshold 

• Reset "Filtering' of External Reset 

• Protection Against E^ Data Comi^gon 
Logistical Enhancements 

• One Less Chip 

• Less Board Space 

• More Functions 

• Lower Cost 

The Summit precision reset controller family offers the 
designer of X2 modems a cost-effective method of in- 
creasing the performance of their design and increasing 
the reliability of operation. This will result in fewer produc- 
tion rejects and fewer product returns. If reset filtering Is 
utilized, the Summit solution allows the designer a higher 
level of Immunity from the wide variances in PC platforms. 
This allows for a reduced product evaluation and debug 
times which result In a faster time to mari<et. The design- 
in is virtually invisible since the Summit part replaces an 
existing device which Is 100% software compatible. 
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Preventing Data Corruption During Power Failures 



Introduction 

The loss or corruption of data stored in a nonvoiatile 
memory is the reason that the reset controllers with 
integrated E^PROM were developed by Summit Micro- 
electronics. These devices insure that an inadvertent 
write cycle cannot be initiated during the periods of power 
transitions. This capability has virtually eliminated the 
possibility of a write cycle occurring during the period of 
power instability, the devices do not answer the question 
of what happens if the power failure occurs during the 
internal write cyd##^ device. 

Background 

Once the more common problem of Inadvertent write 
cycle initiations is eliminated from the application, there is 
still one more circumstance which could result in improper 
data stored in the E^PROM. If a power failure should 
occur during a write cycle that was initiated prior to the 
powerfailure, the question arises, what is the final state of 
the nonvolatile data? Unfortunately, the answer will vary 
depending upon the Internal architecture of the E^PROM, 
which varies from manufacturer to manufacturer, as well 
as the decay rate of the supply voltage. Since it is virtually 
impossible to predict every power supply failure mode 
and how it will affect the internal operation of the device, 
the problem has not been left addressed by the suppliers 
of E^PROIM devices. 



Solution 

Summit has designed a family of microcontroller supervi- 
sory circuits that can be used to prevent all issues of data 
corruption in the serial E^PROM. The devices feature 
both a VCC sensor to detect when VCC is within tolerance 
or not as well as a second voltage sensor which can 
monitor another voltage in the system. In the case of the 
S4242 device, this second voltage sensor is called 
VsENSE which is set to sense voltages below 1 .25 Volts. 
Whenever the sense input is below this voltage, an active 
low open drain output called Vlow is asserted. 

The voltage sensor is used to monitor the unregulated DC 
in the system and the Vlow output is connected to an 
interrupt on the microcontroller. A resistor divider is used 
on the VsENSE input to set the desired level of unregulated 
DC which will correspond to the 1 .25 Volt input level. The 
blocl< diagram of this system implementation is shown in 
figure 1 . The serial interface to the 4K bit E^PROM is an 
120 interface utilizing the standard SCL and SDA inter- 
face connections to the microcontroller I/O ports. 



VCC= 3.0 or 5.0 > 



Unregulated DC 




Figure 1: Typical 80S1/S4242 Implementation 
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The S4242's VCC sensor monitors the condition of the 
VCC supply and will generate a RESET to the 
microcontroller whenever VCC is below a selected volt- 
age, 4.35 volts for example, which will prevent the 

microcontroller from getting "confused" during a power 
down situation and generating write operations to the 
E^PROIVl. The voltage sensor on the VCC input is also 
used to disable write operations to the E^PROM when- 
ever VCC is below the selected voltage. 

In order to guard against the loss of power during an 
E^PROIVI write cycle, the IVICU must determine if the 
unregulated DC is still in spec, which can be sensed by the 
status of the VLOW signal. The interrupt service routine 
for this sets a flag to tell the MCU that power is failing in 
the system. The subroutine which performs a write to the 
E^PROIVI will always check the status of this flag prior to 
the initiation of a write cycle. 



Care must be taken to design the output stage of the 
regulator to insure that the fall time of the system VCC 
from the nomial operation range to the trip point of the 
S4242 VCC sensor is longer than 10 ms after the power 

failure level of the unregulated DC Is reached. This will 
insure that any write cycles which are initiated while the 
unregulated DC is within tolerance will be completed 
before the system enters the reset state. The maximum 
write cycle time for the Summit E^PROMs is 10 ms, 
although the typical value is closer to 5 ms. Therefore, the 
power down routine must add in the write operation 
interface period and any other routines which will be 
executed between the querying of the power status flag 
and the stop bit of the write instruction to the serial 
E^PROM. Figure 2 shows the timing diagram for this 
implementation. 

Another benefit of this implementation is that the VLOW 
interrupt can actually be used to wam the micro of 
Impending power failure. At this time, the micro can 
perform important housel<eeping functions including the 
updating of system parameters in the S4242's E^PROIVI 
data storage so that when power returns to the system, 
the system wlll know the status when fw^ower feulure 
occurred. 




Figure 2: Sequence of Voltages Dropping and the S4242 Signal Response to the System 
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Frequently Asked Questions About E^PROM Devices 

General 

Microwire (93xxx) 
fiC (24XXX) 
SPI (25XXX) 



Q: I do not have a Microwire, I^C, or SPI port on my microcontroller. Which is better to use? 

A: It is a matter of trade-offs, though I^C and SPI are the preferred interfaces for today's designers that must 
"bit-bang". IVIicrowire and SPI require four port pins and I^C only two. I^C, however, requires one line to be 
bi-directional which is difficult with some microcontroller architectures. fC has the capabilities to communi- 
cate with more than one device over the same two wires. SPI devices usually feature the fastest interface 
clock rates and have more features available. SPI and I^C are easier to Implement with microcontrollers 
that have nonnally high outputs and Microwire with microcontrollers with normally low outputs. 

Q: If 1% ^1 so much better, why do manufacturers still make ttie Microwire devte^? 

A: Because they are the cheapest! If the application only requires 1 K or less of memory, the Microwire 1 K 
device (93x46) is the lowest cost alternative. 



Q: Are devtoes with the same generic part number interchangeable? 

A: Unfortunately, no. There can be subtle differences from manufacturer to manufacturer. These ii»0m 
timing differences, page nrnxies, pinouts, and special modes of operation. 



Q: What is "bit-banging"? 

A: "Bit-banging" is the term used for emulating the serial protocol with code. The device is connected to 
I/O pins, which are manipulated by bringing them HIGH and LOW to simulate the proper sequence of bits. 
This is the common method of communication with serial devices when used with a microconti'oller that 
does ii^^lif |t IjiH^tie, I^C, or SPI port. Example code is available from many commodity E^ manutec- 
turers. 



Q: What are page modes? 

A: Page modes allow the user to write more than one byte for a given write cycle. The typical writSic^e ^ 
5mS In duration. Page sizes vary with array density and from manufacturer to manufacturer. 
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Q: How reliable are an manufacturer's endurance specifications? 

A: This is a very subjective area among commodity suppliers and the specifications are sometimes 

vaguely worded. There is some good reason for this. Many factors will impact the endurance of the E^ in 
your particular system. Your best bet is to ask the potential supplier what their part will do in your system 
and provide them with information as to how the device wili be written to in the course of W9 IHstifne. 



Q: Which is better, software write protection or hardware write protection? 

A: The answer, unfortunately, is neither. Hardware write protection for a serial E^ device is only effective 
when using the device as an OTP and hard-wiring the control pin to the disabled state. Other times, the 
event causing the microcontroller to inadvertently write to the E^ will also enable the write protection 
(hardware fit software). 



Q: What is Vcc Sense and how well does it protect against inadvertent writes? 

A: Vcc Sense is offered by some commodity E^ suppliers as a preset threshold voltage below which no 

operations are allowed. Sensitivity to temperature and process variations cause wide fluctuations in the 
threshold and, therefore, make it extremely unreliable for inadvertent write protection. 



Q: How susceptibie are serial devices to noise? 

A: This varies from manufacturer to manufacturer and, for any given manufacturer, from iotlipt^, NoiBe 
suppression specifications of 1 0OnS and greater are considered adequate. * 



Q: I am experiencing data corruption with my serial device. My code Is perfect. How can this be? 

Ai: Most commodity manufacturers use one device to satisfy many voltage ranges of products offered. In 
other words, the same device is manufactured to be used as the 5V±10% part, the 2.7-3.3V part, etc. It 
simply becomes a question of yield to the manufacturer. However, this means that a device used in a 
5V±10% application may operate to very low voltages, where a number of things can cause inadvertent 
writes. Among these are an increased susceptibility to noise at the lower voltages, transient noise caused 
by system instability, or unreliable operation of the microcontroller (see A2). Voltage protected E^PROMs 
will eliminate this failure mode. 

Az This may be a problem with the microcontroller. Serial E^ devices usually operate to lower voltages that 
microcontrollers. In power down or brown out situations, the microcontroller may misinterpret code and 
perform an unintended write operation to the serial E^ causing data corruption. Designing proper reset 
control into the system can prevent this. Using an external precision reset controller is a must. 

Q: My design used to be problem free but now I experience occasional data corruption with nf>y device. 

Why is this? 

A: This could be due to minor process improvements made by the manufacturer. The device you are using 
may now operate at lower voltages or respond to smaller noise spikes than in the past. These can result 
from die shrinks, design changes, process enhancements, or smaller geometries. Using a voltage pro- 
tected E^PROM may eliminate these problems. 
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MIcrowire (93xxx) 

Q: I cannot establish communications with my MIcrowire device. 

A: Check your protocol to see on which edge you clock data in and out of the device. MIcrowire devices clock 
data In (Dl ptn) on the rimngedge of the SK and data out (DO pin) on the falling edge of SK. 



Q: The Instructions for my MIcrowire device are 9 to 11 bits long but my microcontroller has a fixed 8-bit shift 
register. How do I communicate wKh the device? 

A: By writing twice with the data being the last 9 to 11 significant bits. The most signiflcwt bits should be 
zero's so they'll be ignored by the device. 



Q: Sometimes my MIcrowire device falls to accept a write operation. 

A: You have probably deselected the device without completing the clock cycle by giving it a failing edge. 
This Is common in microcontroller systems where the port pin is normally in a logic 'V state. Adding an 
extra dock cycle will complete the operation. 



Q: When reading my MIcrowire device, the data bits appear shifted right by 1 bit. 

A: You are probably clocking the first data bit In on the falling edge of the same clock cycle that clocked the 
last 6Miil M)M en i^ ri^ng edge^ You need to watt urttit tie falling edge of the n^ dod< c^e. 



Q: How can I tell if my Microwire device has completed its internal write operation? 

A: The DO pin can be polled to obtain the write status. By bringing the CS pin HIGH after the write operation 
has commenced, the DO pin will read '0' until the operation tma completed. It will then read '1 '. 



Q: My Microwire device sometimes "blanks out" on occasion and the data is all FFH. Why is this? 

A: This sometimes occurs when a Write Enable (WREN) command or Write All Registers (WRAL) Command 
is interpreted as an Erase All Regi^ers (ERAl^ command. There is only one bit difference between the 
three commands. 



Q: I sometimes experience the top memory location change to FFH in my Microwire device. Why is this? 

A: This could be due to the reset conditions of your microcontroller. Some microcontrollers will tri-state their 
I/O pins during a reset condition, which is interpreted as a logic HIGH by the E^ device. A HIGH on the CS 
line will enable the device. Since the lines are actually in a high-Z state, this makes the signals especially 
susceptible to noise. If any noise appears on the SK (clock) line, the enabled device will clock In all '1 's 
which translates to the ERASE command for address location FFH (or top memory location). A 939^ 
type device will eliminate this problem. 



11-5 



Frequently Asked Questions 



I^C (24XXX) 

Q: Where did I^C come from? 

A: I^C was developed by Philips Semiconductor to provide a low cost interface between different chips. It 
provides a comprehensive interface which is similar to the Ethernet on a logical level. As such, each 
device on the bus must have a unique address and provisions are included for detection and correction of 
communications collisions on the serial interface. In this manner, the I^C is truly a serial bus, while the 
Miorowire and the SPI are more serial interfaces. 



Q: Do I need a license for using I^C in my system? 

A: Good question. Philips has licensed the I^C bus to several manufacturers. If the manufacturer of any of the 
devices on the 1% bus in a system are licensees, then this license is passed on to the users of the chips. 
This could be the serial E^PROM, the microcontroller, or a display module. Many manufacturers of I^C 
serial E^PROMs are, indeed, not licensed by Philips, and as a result utilization of these devices could put 
one at risk of violation of the Philips patents. The safest approach is to contact your vendors to insure that 
they are licensed to sell 1% devices. 



Q: Are all I^C devices hardware (pin-for-pin) compatible? 

A: No. Different manufacturers use pin 7 for miscellaneous uses. Sometimes it is a TEST pin, other times a 

hardware Write Control. In reality, these functions are of little or no use to the user. PC device that 
have integrated precision reset controllers use pin 7 as a RESET output. 



Q: Are all 1% devices software compatible? 

A: No. The generic protocol is consistent from 2K-bits to 16K-bits. There are, however, differences in the 

page size (see What are page modes? of the General section) from manufacturer to manufacturer. There 
are protocol differences at the 1 K density (see What is the difference between a 24x01 device and a 
24x01A or24x01B device?o\ this section) and above 16K. Above 16K, some manufacturers use an 
additional addressing byte while others reassign slave address bits as extended addressing bits. 



Q: What are the address inputs A0-A2 used for? 

A: The I^C protocol defines each device on the bus as having a unique slave address. This slave address is 
made up of a device identifier ("1010" on E^PROlvls) and a device address. The device address is set by 
pulling the address inputs HIGH or LOW to give up to eight different combinations. This feature was of 
great benefit in the early days of serial E^PROMs, since it allowed an extension of the density of the 
devices through the utilization of multiple devices on the same bus. The address inputs become some- 
what useless now that capacities are available for almost all systems requirements. Since these "unused" 
inputs are often used for manufacturer's test modes, it is always a good idea to connect them to ground. 



Q: What is the ACK bit and why is it important? 

A: The I^C bus has been developed as an inter-Integrated Circuit serial bus (hence the name FC). The full 
protocol extends far beyond the requirements for a serial E^PROM and an MCU. Full I^C allows for 
multiple master devices to be on the same bus and includes a method of transmission collision detection. 
In a full implementation of an 1% bus, the ACK signal is used to acknowledge that the last data transfer 
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was completed properly, and that no collision has occurred on the bus. 

Q: Is the ACK (acknowledge bit) required when simply 'bit-banging' to communicate with the device. 

A; Yes. When reading data from the device, the host must acknowledge the device before receiving the next 
byte. Wlien sending data to the device, the ACK that the device sends back may be ignored, but the clock 
c^de must be given in order to proceed further. 



Q: Can I ignore the ACK (acknowledge bit) sent by the after I send it data? 

A; Yes. Nevertheless, you must still give the 9* clock cycle so the device can perform the ACK operation. It 
is generally a good idea to monitor the ACK/NACK bit to ensure reliable operation. 



Q: IVIy device fails to acknowledge. I cannot communicate with the device. 

Ai: Check the value of your pull-up resistors. The signal voltage may be insufficient to register a '1' state. 

A2: Check for a valid START condition. A START condition is given when the SDA line is brought from a HIGH 
smo to a LOW state when the SCL line m in the HIGH state. 

A3: Check data stream to ensure that the control byte is corre(% given. 1% devices are selected tiirough the 
protocol and will ignore an incorrect slave address. 

A4: Make sure that a 9*^ clock cycle is given so the device can send the ACK (acknowledge) bit. 

As: Make sure that the host releases the bus before issuing the 9*" clock cyde so the device can pH'Mlttie 
LOW for a proper ACK operation. 

A6: Make sure that the SDA line is always stable when the SCL line is in the HIGH state. If not, the device will 
inteipi^^IgM^Won g& eittier a START or STOP bit, either of which will prevent proper communication. 



Q: Is the STOP bit necessary? 

A: In truth, not always - but it is good practice to use it. Not using a STOP bit could leave the device in an 
unknown state and could possibty cause tiie device to Interpret signate on the bus as a write command or 

additional write data. 



Q: How can I tell if my 1% device has completed its intemal write operation? 

A: By using 'Acknowledge Polling'. Simply send the device a dummy read command. If the devk:e does not 
acknowledge the command, it is still performing its internal write operation. 



Q: Why must I write to the E^ device when I want to read a random memory location? 

A: The random address read operation is actually a two-cycle instruction. The first cycle is a write of the slave 
address and memory location of the device to be read. This sets the address pointer at the proper value. 
The second cycle is actually a current address read operation. The START condition which separates the 
two cycles is very important since it prevents the two cycles of a random read operation from being 
misin^rsted as 8«MM9 ipMiiin i^ the toc^m f attm^m uM 
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sometimes appears corrupted to read the address or FFH? Why is this? of this section). 

Q: When I attempt to read my device, the location I attempt to read sometimes appears corrupted to read the 
address or FFH? Why is this? 

A: The first operation of the random read sequence is actually a write operation, which is required to set the 
address pointer. Once the address is given, a new START bit is required to reset the device and then a 

read operation Is performed. Sometimes noise can cause the START condition to be misinterpreted (i.e. 
ignored). The next byte In the random read sequence is the slave address byte, which now is written into 
the memory location addressed. If additional byte reads are attempted, the clock cycles that should be 
clocking data Into the buffer are. In actuality, clocking data Into the memory. Since the bus Is released 
for the Intended read operation, the device reads all '1's from the pulled-up bus, or FFH. 

Q: What Is the difference between a 24x01 device and a 24x01 A or 24x01 B device? A 24x02 and a g4x02B 
device? ' 

A: The generic 24x01 device does not have slave addressing. This means that the two wires used to commu- 
nicate with the 24x01 must be dedicated. There are also fewer sources for the 24x01 . The 24x01 B and 
24x02B are devices which still use the slave address in Iheir protocol, but th^ r^pond to aff slave ad- 
dress (ggi/t//ess of the status of the A0-A2 inputs. 



Sn (25X30^ 

Q: What are modes and how do 1 know which one is correct? 

A: SPI modes 0,1 ,2, and 3 concem ttie clock phase and which edge date is clocked on. Most commodity SPI 
serial devices operate in IMod^ and 2. 



Q: How can I tell if my SPI device has completed Its Internal write operation? 

A: The status register contains a WIP Qfi/rite in £rocess) bit ttiat can be polled during this operation. 



Q: MIcrowIre devices have a pin-out that mirrors SPI port pin-oute. Can I use a Mtcrowire iewiOB an 
SPI port? 

A: Yes, but it is not fie eptmum solution. The fact that MIcrowIre communication Involves different edge 

triggering for data in and data out operations makes "bit-banging" a must. The code required interfacing a 
MIcrowIre device to an SPI port is typically 3X that of code required for an SPI device. 
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SECTION 12 Packaging Information 

8ld DIP, 8ld SOIC, 20ld SOIC, 24ld SOIC, Solder Profiles, Tape & Reel 
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I^SUMMIT 

L I MICROELECTRONICS, Inc 



Packaging Information 



8 Pin PDIP (Type P) Paeki^ 



PIN 1 INDICATOR 




SEATING PLANE 
.130 (3.302) - 



.070(1.778) 

I <- .0375(0.952) 



3^ If 



.060 ±.005 ^- 
(1.524) ±.127 
TYP. 



.015(^81) I 



100 (2.54) 
TYP. 

|«- .018 (.457) .130(3iS02) 
TYP. 



.300(7.620)-* 



5°-7°TYP. 
(4 PLCS) 



) (8.89) — •■i 



\^.009 ± .002 
(.229 ±.051) 

8pn PDIP/P ILL.3 



8 Pin SOIC (Type S) Package JEDEC (150 mil body width) 



R , H R R 



.19C (5.0(9 



.188(4.8(9 



.157(4.00) 
.150 (3.80) 



.061 (1.75) 
.053(1.35) 



.0192 (.49) I 



Hj-jiiJijl 



\_ .0098 (.25) 
.004 (.127) 
—I 1^.05 (1.27) TYP. 



.080 (1.27) TYP. 



-m m m m — »- .050 (1.270) TYP. 
■ ■ ■ ■ _S Places 



^75 (8.9^ TYP. 



■ Ill 

I I .030 (.78^ TYP. 
— H I— 8F 



FOOTPRINT 



, .020{.50)„4g. 
[' .010 025) 
1/ \ 



.035 (.90) 
.016 (.40) 



1 , 

4 



.244 (6.20) 
.228 (5.80) 



8pn JEDEC SOIC ILLI 
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PacJcafling Information 



20 Pin SdC (.300) PmakagB 



0.496 - 0.512 
(12.598-13.005) 



M. 



MM 



WMMMM 



0.394 - 0.419 



(10.007-10.643) 



(7.391 - 7.595) 

0.010-0.029 

x45' 

(0.254-0.737) 



0.009-0.013 
(0.229-0.330) 



0.033-0.104 
(2.362-2.642) 



0° to 8° 
lyp 



0.016-0.050 
(0.406 - 1.270) 



0.050 



(1.270) 



0.014-0.019 



(0.356 - 0.482) 



0.037-0.045 
(0.940-1.143 



r 

0.004 - 0.012 
(0.1Q2.Qja9 



Packaging Information 



24 Lead Small Outline Package SOIC 



(7.391 - 7;695) 
0.010-0.029 



(0,254-0.737) 



' X45' 



0.596 - 0.612* 

(15.20-15.49) 



D D D 0/ /D n D D 



0.083-0.104 
(2.362 - 2.642) 



\ 0° to 8° 



0.009 - 0.013 



0.016-0.050 
(0.406-1.270) 



0.050 



(1.270) 



0.014-0.019 



(0.356 - 0.482) 



0.394-0.419 



(10.00-10.65) 



0.037 - 0.045 
(0.9 40^ 1.14 3 



0,004-0.012 
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Papkafling Information 



Tape and Reel Packing 

Tape and reel packing is available for all SOIC packages in accordance with EIA Specification 481 -A. Figure 1 and 
Table 1 illustrate the applicable dimensions for Summit producte. Figure 2 Illustrates the device orientatton in the 
pockets. 



Device 
Type 


W 


P 


Po 


Ao 


Bo 


Ko 


K1 


Length (In meters) 
for 13' Reel 


Units per Reel 


SO-8 


12 


8 


4 


6.5 


5.3 


2.1 




30 


2,500 


SO-20 


24 


12 


4 


10.9 


13.3 


3.2 


2.7 


20 


1,000 


SO-24 


24 


12 


4 


10.9 


15.9 


3.2 


2.8 


20 


1,000 



Notes: 1 . All Dimensions are in mlllim^Brs (mm). 

2. Tolerances on pock^ dimenskms are ±0.1 rrvn. 




Ko- 



Po 



W 



ooooooooo 
Ao h- J_ 



Ki 



Bo 



Tape 



oooooooo 







£3 




£3 













User Direction of Feed 



I 
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Packaging Information 



WAVE AND REFLOW SOLDERING 

Following are the recommended procedures for solder- 
ing surface mount packages to PC Boards. 

Wave Soldering 

1 . Use solder plating boards 

2. Dispense adhesive to hold componenls on the 
PCiJoard 

3. Place components on the PC board 

4. Cure adhesive per the adhesive manufacturer's 

specification 

5. Foam flux using RMA (Rosin Mildly Activating) flux 

6. Wave solder using a dual wave soldering system at 
240°C to 260°C |a«f S9Mi^ per mm. 

7. Clean Board 
Reflow Soidertng 

1 . Use solder plating boards 

2. Screen the solder paste onto the PC board 

3. Mount the components onto the PC board 

4. Bake for 15 to 20 minutes at 65°C to 90°C 

5. Preheat to within 65°C of the solder meitbig tem- 
perature 

6. Reflow the solder paste. The solder paste tem- 
perature must be 200°C for at least 30 seconds. 
SMI recommends vapor phase or infrared reflow 
systems for t)est performance 

7. Clean PC Isili^ 



TYPICAL PAD LAYOUTS FOR PC BOARDS 
8 Lead SOIC 



0.050 Typical 



0.^+/-.005 

, 0.050 
I J mil H Typical 



0.030 
8 places 
SO -8 

8 Lead SOJC pad 



20 and 24 Lead SOIC 



0.420 ± .005 



0.030 
Typical 



24 Places 

SO -24 
fZO PlacesN 
Uo-20 ) 



1= 



0.050 Typical 



0.050 
Typical 
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SECTION 13 General Ordering Information 

Ordering Tree 



13-2 



SUMMIT 

MICROELECTRONICS, Inc. 



Ordering Information 



ORDERING INFORMATION 



Precision Reset Controllers with I^C Memories 



S24XXX P I -2.7 T 



Base Part Number h 



Package 

P = 8 Lead PDIP 
S = 8 Lead SOIC 



Operating Temperature Range 

Blank = 0"'C to +70^0 



Tape and Reel Optien 

Blank = Tube 

T = Tape and Reel 

Operating Voltage Range 

A = 4.5V to 5.5V ViRipMin @ 4.25V 
B = 4.5V to 5.5V VTRipMin @4.50V 
2.7 = 2.7V to 5.5V VrRipMin @2.MV 



S24VPXXX P I -2.7 T 



Part Number 



Package 

P = 8 Lead PDIP 
S = 8 Lead SOIC 

Operating Temperature Range 

Blank = 0°C to +70°C 
I = -40°C to +85°C 



Tape and Reel Option 

Blank = Tube 

T = Tape and Reel 

Operating Voltage Range 

A = 4.5V to 5.5V VLOCKMin @4.25V 
B = 4.5V to 5.5V VLOCKMin ®4.50V 
2.7 = 2.7V to 5.5V VtoCKMin @2.55V 



■t-rr—T J-, ,J 
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Ordering Initiation 



Precision Reset Controllers with a Microwire Memory 



S93XXX P I -2.7 T 



Base Part Number 

S93662 = 8-bit data configuration 
S93663 = 16-bit data configuration 

Package 

P = 8 Lead PDIF 
S = 8 Lead SOIC 

Operating Temperature Range 

Blank = 0°C to +70°C 
I = -40°C to +85°C 



Tape and Reel Option 

Blank = Tube 

T = Tape and Reel 

Operating Voltage Range 

A = 4.5V to 5.5V VTRipMin @ 4.25V 
B = 4.5V to 5.5V VjRipMin @4.50V 
2.7 = 2.7V to 5.5V VrRipMin @2.55V 



Precision Reset Controller with a Watchdog Timer and Micsrowire Memory 



S93WDXX P I -2.7 T 



Base Part Number 
S93WD662 = 8-bit data configuration 
SQSWDeea = 16-blt data conflgursion 

Package 
P = 8 Lead PDIP 
S = 8LeadSOtC 

Operating Temperature Range 

Blank = 0°C to +70°C 
I = -40°C to +85°C 



Tape and Reel Option 

Blank = Tube 
T = Tape and Reel 

Operating Voltage Range 

A = 4.5V to 5,5V VlockMIh @4.25V 
B = 4.5V to 5.5V VtocKMin @4.50V 
2.7 = 2.7V to 5.5V VLoCKMin @2.55V 
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Ordering Information 



Voltage Protected Microwire Memory 



S93VPXX P 



-2.7 T 



Base Part Number 

S93VP662 = 8-bit data configuration 
S93VP663 = 16-bit data configuration 

Pacl^age 

P = 8 Lead PDIP 
S = 8 Lead SOIC 

Operating Temperature Range 

Blanl< = 0°C to +70°C 



Tape and Reel Option 

Blanl< = Tube 

T = Tape and Reel 

Operating Voltage Range 

A = 4.5V to 5.5V VLoCKlVlin @4.25V 
B = 4.5V to 5.5V VLoCKMin @4.50V 
2.7 = 2.7V to 5.5V Vvog^lm ®a5SV 



Nonvolatile DAC 



S9408 S I T 



Base Part Number 



Package 

S = 20 Lead SO I C 



Tape and Reel Option 

Blank = Tube 

T = Tape and Reel 

Operating Temperature Rai^e 

Blank = 0°C to +70"^: 
I = to -fSS-'C 
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Ordering Information 



